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THE LACTOSE AND CHLORIDE CONCENTRATIONS OF MILK 
PRODUCED DURING IRREGULAR INTERVALS 
BETWEEN MILKINGS' 


C. L. ROADHOUSE anp J. L. HENDERSON? 
Dairy Industry Division, University of California, Davis, California; 


In conducting routine analyses of milk for lactose in connection with 
experiments on the influence of the components of milk upon its taste, the 
authors observed slight variations in the lactose content of the milk pro- 
duced at consecutive milkings from individual cows. The samples in cer- 
tain instances were collected after unequal intervals between milkings, a 
fact which suggested the possibility that the interval between milkings 
might have an influence upon the lactose and chloride concentrations of 
the milk. It has previously been shown (8) that the ratio of chloride per 
cent to lactose per cent in milk is one of the most important relations be- 
tween the components of milk influencing its primary taste. It was be- 
lieved that a study of the effect of unequal intervals between milkings upon 
the lactose and chloride content of milk would be a contribution to our 
knowledge of the factors affecting the primary taste of milk. 


REVIEW OF LITERATURE 


Workers in the New York Agriculture Experiment Station at Geneva 
(4), conducting an experiment on the effect of the stage of lactation on the 
chemical and physical composition of milk, during the period 1890-1894, 


concluded that next to the ash, sugar was the least variable constituent of 
milk. Eckles and Shaw (1), conducting a similar experiment at a later 
date, came to the same conclusion and further stated that the sugar is strik- 
ingly uniform as compared with the protein and fat. They (2) later con- 
cluded, from their experiments on the influence of the breed and the in- 
dividual on milk, that the average lactose per cent is constant for the breed, 
but that individuals, noticeably the Holsteins, show considerable variation 
from the average. Other work by Eckles and Shaw (3) on the variations 
in milk from individual cows shows that while sugar is usually considered to 
be one of the least variable constituents of the milk produced by the in- 
dividual cow it may be expected to vary rather more than the total protein. 
They report that a variation of 0.5 per cent from the average is not un- 
eommon, but state that 90 per cent of the samples show a variation of less 
than 0.2 per cent. 
Received for publication, April 24, 1931. 


1 Presented at the annual meeting of the American Dairy Science Association, 
Ames, Iowa, June 25, 1930. 


2 Acknowledgment is made to the Animal Husbandry Division for the use of animals 
for this experiment. 
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Eckles and Shaw (3) have reported slight variations in the lactose con- 
tent of milk produced at consecutive milkings when the intervals between 
milkings were equal. Jackson and Rothera (6) have shown that normally 
there are slight variations in the conductivity of the milk from consecutive 
milkings, the evening milk generally having the higher conductivity. Tay- 
lor (9) and Coste and Shelborn (10) attribute 49 to 79 per cent of the con- 
ductivity to chloride ions. They also show that there is no apparent 
relation between electrical conductivity and ash content or the solids- 
not-fat content of milk. Therefore, Jackson and Rothera’s data may be 
interpreted to mean that normally there are slight variations in the chlo- 
ride content of milk from consecutive milkings. Jackson and Rothera, 
however, do not state the interval between milkings. The writers (7) have 
found that feeding molasses and sodium chloride to four cows did not sig- 
nificantly change the lactose and chloride content of the milk when the cows 
were milked at 12 hour intervals. The writers found no work reported in 
which the interval between milkings was made the variable. 


PROCEDURE 


Two cows, each in the second month of lactation, which produced milk 
with a pleasing taste were selected from the Station herd. Throughout the 
experiment a standard ration consisting of a grain mixture, eight pounds 
of green alfalfa and alfalfa hay ad libitum was placed before the cows im- 
mediately after milking. All feed was consumed by the cows throughout 
the experiment, except some of the hay, which was removed from the 
mangers five hours before milking. This procedure was followed in order 
to avoid feed flavor in the milk since samples were also examined for taste. 
Weights of feed consumed and milk produced were recorded for each milk- 
ing and samples were collected for analyses and taste 

The animals were milked at 12 hour intervals for a preliminary period 
of 5 consecutive days. This was followed for 5 consecutive days by the 
experimental period of unequal intervals between milkings, consisting of 
14 hours between night and morning milkings and 10 hours between morn- 
ing and night milkings. The animals were then returned to the original 
equal intervals between milkings for a period of 5 days. 

Lactose was determined by the Official Munson and Walker Method (11) 
with the following modification: the cuprous oxide produced was deter- 
mined by the potassium permanganate titration of Bisson and Sewell (12). 
Chloride was determined by a modification of the Volhard Method (13), 
Fat was determined by the Babcock Method. 

In recording the taste scores, the milk score card of the United States 
Department of Agriculture was used. Milk scoring 13.5 or higher was 
considered above criticism. The judging was done by two experienced 
judges working independently. 
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Table 1 shows a slight variation in the yield of milk, the percentage of 
fat, and the percentages of lactose and chloride during equal intervals be- 
tween milkings. During the unequal intervals between milkings the yield 
and fat percentages showed wide variations, while the lactose and chloride 
percentages remained practically the same as during the period of equal 
intervals between milkings. It will be observed that the taste scores re- 
mained uniform throughout the experiment. Table 1 applies to cow 421, 
while figure 1 shows a graph prepared from the data secured from cow 607. 


COW 607 


PER CENT 


GRAMS 
PER 
LITER 
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Fig. 1. THE YIELD AND PARTIAL COMPOSITION OF MILK IN RELATION TO THE INTERVAL 
BETWEEN MILKING. 


The preliminary period of equal intervals between milkings is shown 
from March 31 to April 4. The experimental period of unequal intervals 
from April 5 to April 9, inclusive, and the period of return to equal inter- 
vals between milkings from April 10 to April 15, inclusive, are represented. 
During the entire experiment, the lactose percentage and chloride in grams 
per liter were not significantly changed. It is to be noted, moreover, that 
the total yield of lactose varied directly with the variation in yield of milk. 
The taste of the milk produced by cow 607 was uniform and without 
criticism throughout the experiment. 


DISCUSSION OF RESULTS 


A study of the data presented in the table and graph indicates that 
although there was a trend of slightly higher lactose percentages and 
slightly lower chloride concentrations during the period of unequal inter- 
vals between milking, the changes were so slight that they may be con- 
sidered insignificant when compared with the marked variations in the 
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yield of milk and in the percentages of milk fat produced during this 
period. 

It has long been recognized that unequal intervals between milkings 
cause wide variations in the percentages of fat in the milk, the shorter the 
interval the higher the fat percentage. This is probably to be expected in 
the light of recent studies by Peterson, Palmer and Eckles (14) in their 
work on the problem of the synthesis and secretion of milk fat, in which 
they concluded that the milk fat is secreted by a separate mechanism from 
that responsible for the secretion of the other ingredients of milk. 


CONCLUSIONS 


(1) Unequal intervals between milkings did not significantly affect the 
lactose and chloride concentrations of the milk produced by two cows in 
this experiment. 


(2) No change in the taste of the milk was observed during the course 
of the experiment. 
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THE EFFECT OF PASTEURIZATION UPON BRUCELLA 
MELITENSIS VAR. SUIS 


CHAS. MURRAY, 8. H. McNUTT anp PAUL PURWIN 
Department of Veterinary Investigation, Iowa State College, Ames, Iowa 


In a paper presented by Dr. Walter W. Lee’ at the sixty-sixth annual 
meeting of the American Veterinary Medical Association it was stated that 
prevention of undulant fever in human beings is simplicity itself and that 
no person need have the disease if he will but avail himself of the means of 
prevention; namely, use no milk that has not been pasteurized. In the 
discussion following, some question was raised by various speakers as to 
the efficacy of pasteurization as commonly applied, particularly upon the 
porcine strain of the Brucella organism which certain investigators had 
reported was not, as is the case with the bovine, killed by a temperature of 
140°F. for 15 minutes. The desirability of more information on the subject 
of pasteurization as it.affects the Brucella group led to the experiments 
described in this paper. 

Boak and Carpenter? report experiments of Park which showed that a 
mixed culture of Brucella abortus isolated from cattle and swine was 
killed by exposure of 140°F. for 10 minutes, 142°F. for 7 minutes and 
145°F. for 5 minutes. 

These same authors report the results of thermal death point studies of 
several strains of Br. abortus of bovine, porcine and human origin grown 
in milk. The cultures were exposed in Sternberg bulbs submerged for 
varying intervals in an electrically controlled water bath. Human and 
bovine cultures. were destroyed in 15 minutes at 140°F. No cultures were 
viable after 20 minutes when tested by injection into guinea pigs and by 
inoculation on suitable media. They* also state that the cultures most 
virulent for guinea pigs showed the higher thermal death point and that 
the porcine strain was most resistant. Other investigators have reported 
similar results but none in America so far as indicated by available litera- 
ture have made the tests using the type of pasteurizer in common use by 
the dairy industry. 

Proescholdt* has shown that B. abortus (Bang) is killed by heating 3 
hour at 60°-65°C. (140°-149°F.). Zeller and Wedemann’ have conducted 
experiments to test the effect of continuous pasteurization. upon milk in- 


Received for publication May 6, 1931. 

1 Jour. A. V. M. A., LXXV (1920) pp. 679-690. 
2 Jour. Inf. Dis., 43 (1928), No. 4, pp. 327-329. 
8 Jour. Bact., 15 (1928), No. 1, p. 41. 

4 Molkerei Zeitung, 40 (1926), p. 461. 

5 Arb. aus dem Reichgesundheit, 61 (p. 1). 
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oculated with Br. abortus (bovine). Five experiments were carried out, 
using an Ahlborn pasteurizer of two types, one with a preheater and the 
other without. This Ahlborn type pasteurizer is very similar to the ma- 
chines in common use in creameries and pasteurizing plants in America. 
It consists of a wood vat, metal lined and equipped with a tubular rotating 
stirrer, through which water heated by steam is continually flowing to main- 
tain the desired temperature of the milk batch. It is equipped with a 
recording thermometer to register the milk temperature throughout the 
process. The type equipped with preheater differs from the other only in 
that a separate container is installed to retain the milk while it is being 
brought to the desired temperature. As soon as this temperature is reached 
the milk is conducted into the pasteurizer proper where the temperature is 
maintained under constant agitation. 

Thirty different bovine Bang strains, some freshly isolated, others cul- 
tured in the laboratory for a long time were used. In each experiment 
the washings of growth from 18 to 30 Kolle dishes, incubated 2 to 10 days 
were filtered through a single paper filter and added to 250 to 550 liters of 
milk. Varying degrees of heat were used for different times and cultures 
were made in bouillon and upon common and Drigalski agar. Guinea pigs 
were inoculated in different ways with the pasteurized samples. After two 
months the pigs were autopsied and cultured. In most of the tests run the 
bacteria were all killed in the milk after it had passed the preheater (to 
bring it to 60°C. before placing it in the pasteurizer proper). In a few 
eases the organisms were still viable after passing the preheater but when 
the 60°C. temperature was maintained for 10 minutes all were destroyed. 
The conclusion, stated by the investigator is, that continuous pasteurization 
at 60°-63°C. (140°-145.4°F.) for 4 hour is sufficient to destroy all Bang 
abortion (bovine) organisms contained in milk. 


EXPERIMENTAL 


The experiments above reported were so conclusive as pertains to the 
bovine strain that it seemed unnecessary to repeat them but of more im- 
portance to conduct tests using the porcine strain of Brucella which, as 
shown by reference to the literature, is more heat resistant than the bovine 
However, as checks on our own work two batches of milk inoculated with 
the bovine strain were run. The apparatus used was a 100 gallon pasteur- 
izer kindly loaned us by the Dairy Industry Department. It was set up 
in a room of the laboratory where water, steam and electric connections 
were possible. The machine (see Fig. 1) is a coil machine known by the 
manufacturer as Class A-l. It was equipped with a recording ther- 
mometer. In the first 5 runs made the temperature as indicated on the 
chart of the recording thermometer never showed below 60°C. (140°F.) 
and never above 62.2°C. (144°F.). To check the accuracy of this ther- 
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Fie. 1. Var PASTEURIZER USED IN THE EXPERIMENTS 


mometer, temperatures were read on a 100°C. standardized laboratory 
thermometer suspended in the pasteurizing vat at a point about 6 inches 
from the place of insertion of the recording thermometer. The latter showed 
no temperature below 61.5°C. (142.7°F.) nor above 63°C. (145.4°F.) ; 
differences as compared with the record on the recording thermometer of 
2.7° to 1.4°F. 

The results of the first 5 runs were irregular and unsatisfactory. Test 
No. 1 showed all organisms killed in a sample removed after 1 minute ex- 
posure at 63°C. (145.4°F.) while tests 2, 3, 4 and 5 showed viable organisms 
in samples removed after exposure up to 62°C. for 4 minutes and in the 
foam and outlet after 30 minutes up to 63°C. In seeking a cause for this 
irregularity we enlisted the help of those familiar with commercial pas- 
teurizing methods and learned that advice given us when the machine was 
being set up was erroneous. This was to the effect that the lid of the pas- 


EXPERIMENT 1—(July 9, 1930) 
Cultures :—Porcine 4, 44, 51. Four agar slants each, 48 hours old, washed off with milk, 
filtered through glass wool and mized with milk 
Milk:—Fifteen gallons pasteurized, not clarified, temperature 15°C. placed in vat and 
raised to 60°C. in 7 minutes. Machine operated with open lid 
































GUINEA PIGS 
SAMPLE TEMP. CULTURES Titer 8-12 Lesions 8-12 Cultures 
Pig1| Pig 2 Pig1 | Pig2 || Pig1 | Pig2 
Uninoculated 0. cun 1 15°C. 0 0 | 0} oO 0 0 0 
Inoculated .. | 15°C. Mold | 400 | 400) + | + | + | + 
After 0 min. orc. | « | 400 | 400) + | + | + |) + 
oy a 63°C. “6 0 | 0 || Oo 0 | 0 0 
og 63°C. eo F @ 0) oO 0 | oO 0 
a 63°C. “ | 0 0 | 0 0 | 0 0 
og ——m | €8°C, os 0; oO | 0 0 | Oo 0 
co 6g 66 une | 62.5°C, $6 0 0 | 0 0 | 0 0 
Outlet after 30 minutes « 0 0 || o 0 | 0 0 
Foam after 30 minutes ee | 0 0 | 0 0 | O 0 
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EXPERIMENT 2—(Aug. 14, 1930) 
Cultures :—Same as Experiment 1 
Milk :—Same as Experiment 1, raised from 12°C. to 60°C. in 12 minutes. Lid open 





| | GUINEA PIGS 





SAMPLE TEMP. | CULTURES | Titer9-23 || Letions 9-23 || Cultures 


Pigi| Pig2 | Pigi | Pig2 | Pigi| Pig2 
| r / ee 








a. — = 





Uninoculated | 1220, 0 | of of o 0 | 0. 0 
Inoculated 12°C. | . | Died | 400 + + + + 
After 0 min. 60°C. | + | 400 | 400 + + + + 
«1 61.7°C. Mold | Died | 400 0 + 0 + 
ow gs 62°C. ‘6 0 | 400 0 0 0 + 
“og 4 62.5°C. 7 0 | 400 0 + 0 + 
oo 4 4 | 62°C. « 400 | 400 + | ¢ + + 
og « 62°C. “ 0 0 0 | o 0 0 
Outlet after 30 minutes | 62.5°C. se | 400 | 400 + . + 
Foam after 30 minutes | 62.5°C. «| 200 | 400 | 0 0 0 0 











teurizer need not be closed and acting upon this, contrary to our better 
judgment, our first 5 runs had been made with an open lid. 

The next 4 runs were made with a closed lid and, as indicated in the 
charts, were uniform and satisfactory. The cultures used in all experi- 
ments except 8 and 9 are the same, and consist of 3 porcine strains, No. 4 
isolated in 1926, No. 44 isolated in August 1929 and No. 51 isolated in 
February 1930. All are of tested virulence for guinea pigs. The quantity 
of culture used was that obtained from 4 agar slants of each strain, 12 in 
all, grown 48 hours, washed off with milk and then filtered through glass 
wool. These cultures were added to 15 gallons of pasteurized milk, not 
clarified. Samples of milk to be tested were removed from the pasteurizer 


EXPERIMENT 3—(Oct. 1, 1930) 
Cultures :—Same as Experiment 1 
Milk :—Same as Experiment 1, raised from 12.5°C. to 60°C. in 18 minutes. Lid open 





GUINEA PIGS 
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SAMPLE TEMP. CULTURES Titer 10-30 Lesions 10-30 | Cultures 

Pigi| Pig2|| Pigi | Pig2| Pig1|Pig2 

Uninoculated 12.5°C.| 0 0} of o | 0 | o | 0 
Inoculated ... | 12.5°C. | + 400 400 | + | + + 
After 0 min. | 60°C. | 0 400 | 400 | + =. | + 
ee a noun | 615°C. | Mold | Died | 200 | 0 + | oO | + 
“ge 61.5°C. 0 | 400 | 400 + + + | + 
“3 4 61.5°C. 0 | 400 | 0 | + | o | + |] 0 
“4 61.5°C.| Mold | 400 0} + | +i +. | © 
co§ 4 61.5°C. | 0 200 | 200) + | O | + | + 
Outlet after 30 minutes 0 400 400 | + + | + + 
Foam after 30 minutes | 0 200 25 | 0 0 | - 0 
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EXPERIMENT 4—(Oct. 14, 1930) 
Cultures :—Same as Experiment 1 
Milk :—Same as Experiment 1, raised from 10°C. to 60°C. in 94 minutes. Lid open 





























GUINEA PIGS 
, SAMPLE TEMP. CULTURES Titer 11-14 || Lesions 411-14 Cultures 
Pigi1| Pig2|| Pigi Pig 2 || Pig1 | Pig 2 
Uninoculated ................. 10°C, Mold 0 0 0 0 0 0 
Inoculated occ | 10°C. ss 400 | 400 | + | + + + 
After 0 min. ................ | 60°C. ss 400 | 400} + | + | + + 
SP Lc TO 6 400 | 400 |) + | + | + + 
OO Femme | 62°C; “6 400 | 400 | + + | + - 
e O © cc 6 | 400 | 400 | + + || + + 
ee ® |. nie «| 400 | 400 | + + | + + 
Oe oa 61.5°C. | 400 | 400 + + | + + 
Outlet after 30 minutes 66 | 400 400 - - = 
Foam after 30 minutes ss | 0 | 400 0 + 0 + 




















at varying intervals with a 10 cc. pipette. The samples were immediately 
placed in the refrigerator, temperature 10°-14°C. and allowed to stand 
two or more hours until the cream line formed. Intraperitoneal injections 
of the cream into guinea pigs and inoculations on agar were made. In 
most cases the latter were unsatisfactory, showing a heavy overgrowth with 
molds. Agglutination tests against an antigen prepared from the three 
porcine strains used for inoculation were conducted on the blood from all 
injected guinea pigs at intervals of approximately 30 days after injection. 

The results of pasteurization in experiment 1 with open lid indicate 
that all organisms were destroyed after the temperature of 63°C. (145.4°F.) 
was maintained for 1 minute, not only in samples removed from the vat 


EXPERIMENT 5—(Nov. 2, 1930) 
Cultures :—Same as Experiment 1 
Milk :—Same as Experiment 1, raised from 6°C. to 61.5°C. in 11 minutes. Lid open 





























GUINEA PIGS 

SAMPLE TEMP. | CULTURES Titer 12-2 Lesions 12-2 Cultures 

Pig 1 Pig2 || Pig1 | Pig2|| Pig1 | Pig2 

Uninoculated ................:.. | 6°C. 0 0 0 0 0 0 0 

Tmoculated nn cccccccccnne | GC, + 400 | 400 - = - 
After 0 min. .................... 61.5°C. None | None None 

ee cciieniina 62°C. 0 400 | 400 + > i + - 

« ge | eeec. | Mold | 400 | 400) + +] +] + 

Oe ccs 62°C. e¢ 400 400 + + | 0 + 

oe 4 aad 62.5°C. se 0 | 0] 0 0 0 0 

S@ @ © Vaio Pe 66 0 0 | 0 0 0 0 

Outlet after 30 minutes ee 0 400 | 0 + 0 

Foam after 30 minutes és 400 | 400 | + + + + 
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EXPERIMENT 5Sa—(Dec. 12, 1930) 
Culture :—No. 20 bovine 
Milk :—Same as Experiment 1, raised from 9°C. to 62°C. in 94 minutes. Lid open as in 



































Experiment 5 
GUINEA PIGS 

SAMPLE TEMP. CULTURES | Titer 1-09-31 Lesions 1-09-31 Cultures 
Pigi| Pig2/} Pigi | Pig2/|) Pig1 |Pig 2 

Uninoculated ........ 9°C. None 0 0] 0 0 0 | 0 
Inoculated eae 9°C, 6¢ 400 400 | + + - - 
After 1 min. ..... - 62°C. “6 100 25 4; + 0 | + 0 
os j | 61.5°C. $6 400 400 | + 0 + | 0 
oe ge | 61.5°C. “ 400 | 400 || + + | + | + 
"ee nee | 61.7°C, “ 25 | 200 0 oo} + | 0 
= | = cones 62.2°C. $6 0 0 | 0 0 | 0 | Oo 
Outlet after 30 minutes “ 400 | 400] + | + | + | + 
Foam after 30 minutes ce 0 0 | 0 0 | 0 | 0 





of the pasteurizer but also in those from the outlet and from the foam. 
In the other 4 tests with open lid, results were variable. In no case was 
the temperature range (60°-63°C. for 30 minutes) sufficient to kill the 
organisms from the foam or outlet samples. The outlet consists of a 1 inch 
faucet with the cutoff at the lower end. The milk contained in this was 
not agitated by. the stirrer and consequently probably never reached even 
the minimum temperature of the milk in the vat. Certain it is that the 
organisms contained were still viable, as evidenced by the infection set up 
in 9 of the 10 guinea pigs inoculated. In Experiment 5a which is a check 
test substituting a bovine strain for the porcine strains used in the first 5, 
results differed only in that living organisms were not obtained from the 


EXPERIMENT 6—(Dec. 8, 1930) 
Cultures :—Same as Experiment 1 
Milk :—Same as Experiment 1, raised from 12.5°C. to 61°C. in 74 minutes. Lid closed 
except when samples taken. Outlet plugged from inside 





























GUINEA PIGS 
SAMPLE TEMP. CULTURES | Titer 1-5-31 || Lesions 1-5-31 Cultures 
Pigi| Pig2 || Pigi| Pig2 || Pig1 | Pi 2 
Uninoculated ....... | 12.5°C, 0 0 0! 0 0 o | o 
Inoculated .......... .. | 18.5°C, - Dead! 400 + + + + 
After 3 min, ............ | 62.7°C. 0 0] of o 0 | o | 0 
oo gt 63°C. 0 0; of} o o | 0 | 0 
“45 . | 62.7°C, Mold 0 0 0 o | 0 | 0 
“ 99 «6 noe | 62.3°C. 0 0 0 | 0 0 | 0 | © 
“95 66 . 62.5°C. 0 0 0] oO o | o | 0 
<o 30% | 68.7°O, 0 0 0 0 0} 0 | Oo 
Foam . 0 0} of] o 0 | o | o 
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EXPERIMENT 7—(Dec. 10, 1930) 
Cultures :—Same as Experiment 1 
Milk:—Same as Experiment 1, raised from 13°C. to 61°C. in 11 minutes. Lid closed 
and outlet plugged 























GUINEA PIGS 

SAMPLE TEMP. CULTURES | Titer 1-8-31 || Lesions 1-8-31 Cultures 

Pigi} Pig2/) Pigi| Pig2|) Pig1| Pig2 

Uninoculated 13°C. Mold o| of o 0 | o | o 
Inoculated 13°C. « 400 | 400 | + +f +] 4 
After 3 min. 62°C. « | o| of o 0 | o 0 
“  g 4 | 62.8°C. | « | o}] of} o 0 0 0 
“45 « 625°C.) 0 0 o 0 0 0 
« 90 | 63°C. 0 o| o 0 | o 0 
«95 4 62.5°C. « Dead} 0] 0 0 || o 0 
“Oo ..... | are ‘ 0 oj} o o | o | o 
| «4 0 oj o 0 0 0 




















foam. This suggests that the porcine strains used may be slightly more 
heat resistant than the bovine. In any case, pasteurization with open lid 
for 30 minutes is not effective in destroying either the porcine or bovine 
varieties of Brucella. 

In Experiments 6, 7 and 7a slight changes in technique were made. 
The lid was kept closed except while sampling and the outlet of the machine 
was closed with a rubber stopper on the inside, thus giving an effect similar 
to the use of the usual flush valve. Temperature readings were made from 
a standardized thermometer inserted through a rubber stopper in the re- 
cording thermometer opening into the vat. To check these readings a 
second thermometer was inserted through an opening in the lid to a point 


EXPERIMENT 7a—(Jan. 7, 1930) 
Culture :—Bovine 20 
Milk :—Same as Experiment 7, raised from 7°C. to 61°C. in 9 minutes. Lid closed and 
outlet plugged 

















GUINEA PIGS 
SAMPLE TEMP. CULTURES | Titer 2-2-31 | Lesions 2-2-31 Cultures 
Pig1| Pig2|| Pig | Pig 2 | Pig1 | Pig2 

Uninoculated 9°C, None 0 0 0 0 0 0 
Inoculated 9°C, oe 400 of + | + | + 0 
After 5 min. 62.5°C. “ 0 0 0 | 0 0 | 0 
se: 90 * 61.5°C. ee 0 0 0 0 0 0 

“oe 1m . | 62.5°C, a6 0 0 0 0 0 0 

a“ 6 62°C. ee 0 0 0 0 0 0 
te); 62°C, oe 0 0 0 0 | 0 0 

“< g@ * 62.5°C. ee 0 0 0 0 } O 0 
Foam os 0 0 0 0 | 0 0 
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just above the surface of the milk, to determine the effect of opening and 
closing the lid for sampling at the intervals indicated in Experiment 6. 
While the lid was kept closed the difference between the temperature of 
the milk and that of the air above was not over 2°C. When the lid was 
opened to obtain samples the temperature of the air fell as much as 8°C. 
but was restored in 1 minute to at least 61°C. In these three tests pas- 
teurization was effective in 3 minutes at 62°C. (143.6°F.) so far as milk 
tests show and in 30 minutes as indicated by tests of the foam. It is more 
than probable it was effective for the foam in less than 30 minutes but 
animal inoculations were not made with foam before this time. It was not 
demonstrated that pasteurization with the lid closed would be effective for 
the milk in the outlet but from the results of the first 6 experiments it 
would not appear probable, since the milk contained in the faucet would 
not be more agitated with a closed lid than with an open one and the milk 
in this dead space would probably never reach the temperature necessary 
for effective pasteurization. 


SUMMARY 


Pasteurization tests, using a standard pasteurizing outfit show that a 
temperature of 62°-63°C. (143.6°-145.4°F.) applied 3 minutes is sufficient 
to destroy Brucella organisms,: both the bovine and porcine varieties. This 
indicates that the usual pasteurization temperature of 62°-63°C. for 30 
minutes gives an ample factor of safety, providing the pasteurizer is oper- 
ated in the proper manner. With the lid of the pasteurizer open a much 
longer time exposure to this temperature is required and the results ob- 
tained are irregular and uncertain, in that viable organisms were recovered 
from the foam even after 30 minutes pasteurization. The absolute necessity 
of a flush gate valve is also indicated, for in those experiments in which 
an ordinary faucet outlet was used, viable organisms were obtained from 
the outlet after 30 minutes pasteurization whereas with the outlet closed 
by a stopper on the inside, no living organisms remained after 3 minutes 
exposure. The experiments emphasize the importance of carefully con- 
ducted operations in pasteurization if successful results are to be obtained. 











THE VITAMIN A, B(B,) AND G(B,) CONTENTS OF MILK 
THROUGHOUT THE YEAR’ 


FLORENCE L. MacLEOD, JESSIE B. BRODIE anp EMILY R. MACLOON 


The vitamin value of milk has frequently been shown to vary with the 
feed which the cow is receiving. Kennedy and Dutcher (1) in 1922 con- 
cluded from experiments on both stall- and pasture-fed cows that stall-fed 
cows will produce a milk rich in vitamins A and B provided their ration 
consists of a proper combination of grains and leafy foods. 

Drummond and his associates (2), Luce (3), Chick and Roscoe (4), and 
Golding, Soames and Zilva (5), have shown that the vitamin A content of 
milk is raised by the feeding of cod-liver oil, fresh pasture or kale while 
the vitamin D content is higher when the cows are on pasture in the sun 
or when receiving a comparatively large quantity of cod-liver oil. 

Milk has been found to be relatively richer in vitamin G(B,) than in 
vitamin B(B,) by Sherm in and Axtmayer (6), Hunt and Krauss (7) and 
Outhouse, Macy, Brekke and Graham (8). 

Bechdel, Honeywell, Dutcher and Knutsen (9) reported experiments in 
1928 which showed that the vitamin B complex may be synthesized by bac- 
teria in the rumen of the cow and, therefore, that the amount in the milk 
is not always dependent on the amount in the ration. 

Our purpose in the experiments to be reported here, was to determine 
the vitamin A, B(B,) and G(B,) values of milk from one dairy of stall-fed 
cows at all times of the year. In previous work from this laboratory (10) 
it has been shown that the vitamin C value of milk from the same dairy is 
high and remains constant throughout the year. The cows which furnished 
the milk received a ration containing an alfalfa hay of excellent quality, a 
good ensilage, and a concentrate. 


VITAMIN A CONTENT 


Series I 

The first series of experiments on the vitamin A value of the milk was 
carried out during the year July, 1926, to July, 1927, using the method de- 
scribed by Sherman and Munsell (11). The diet (laboratory No. 379A) 
devoid of vitamins A and D but adequate in other respects had the follow- 
ing composition :—purified casein, 18 per cent; cornstarch, 67 per cent; 
dried brewery yeast, 10 per cent; Osborne and Mendel salt mixture, 4 per 

Received for publication May 14, 1931. 

1 This research was aided by a grant by the Walker-Gordon Laboratory Company. 


Contribution No. 681 from the Department of Chemistry, Columbia University, 
New York City. 
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cent; and sodium chloride, one per cent. In this series the pre-experimen- 
tal store of vitamin D was depended upon to carry the animals through 
both the depletion period and the experimental period of closely restricted 
growth. 

Rats, 28 to 29 days old, which had been raised on Diet B of this labora- 
tory, containing whole milk powder one-third by weight and whole wheat 
two-thirds by weight, were placed on the diet described above and were con- 
tinued on it until they ceased to grow. The animals were then placed in 
separate cages with raised screen bottoms and were given measured 
amounts of milk. One animal from every litter was continued on the basal 
diet with no milk as a negative control. 

The animals of this series were fed amounts of milk, varying in quantity 
from 0.25 ce. to 1.0 ec. per day, six days in the week. 

It can be seen from Table I that at all seasons of the year a unit gain 
in weight (a gain of approximately 3 grams per week for the experimental 


TABLE 1 
Growth of rats fed a Vitamin A-free diet (Diet 379A) only or this diet plus graded 
amounts of milk at different seasons of the year 

















AMOUNT OF | 
NUMBER OF .GAININS | 
—_ yore ANIMALS WKS. AND P. E. | peeemenens 
ce. grams, | 
Summer ......... 0 10 | Av. survival 28.9 days 
Fall ae 0 9 | Av. survival 25.8 days 
Winter ............. 0 15 . Av. survival 31.0 days 
Spring 0 8 Av. survival 28.3 days 
Summer ............ 0.25 | 15 | Av. survival 39.7 days 
| | 
Summer ....... 0.5 | 11 | 2522+1.6 | Killed end exp. period 
Pal nnn 0.5 14 | 26.312 | Killed end exp. period 
Winter ............ 0.5 15 27.2 +1.7 Killed end exp. period 
Spring = 0.5 11 27.4222 | Killed end exp. period 
Summer ........ 0.75 | 16 | 3462.1 | Killed end exp. period 
a 0.75 20 33.2 + 1.3 Killed end exp. period 
ee 0.75 16 33.8 + 1.2 Killed end exp. period 
Spring ......... 0.75 4 | 38.2+0.9 Killed end exp. period 
| 
SE «ceases 1.0 20 423+13 | Killed end exp. period 
Winter .......... 1.0 | 5 | 384+ 1.0 Killed end exp. period 





period) was obtained when 0.5 cc. of milk per day was fed six days in the 
week. No seasonal variation in the vitamin A content of the milk was 
found, the gains for the eight-week periods during the summer, fall, winter 
and spring being 25.2, 26.3, 27.2 and 27.4 grams, respectively. 
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On autopsy thirty-five per cent of the animals receiving 0.5 cc. of milk 
showed signs of vitamin A deficiency such as pus in the tongue and sub- 
maxillary glands while 16 per cent receiving 0.75 ec. and 8 per cent receiv- 
ing 1.0 ee. showed these signs. 


Series II 


During 1928 to 1929 much of the work was repeated providing vitamin 
D in the basal diet in the form of irradiated commercial cholesterol. Half 
of the animals in each litter used were given the original basal diet while 
the other half received vitamin D in addition. No differences were found 
in the gains made in the experimental periods by the animals on the two 
diets. In this series, a unit gain in weight was made when 0.75 ce. of milk 
per day was fed, the fourteen animals which received an extra source of 
vitamin D gaining 25.5 grams and the same number receiving the basal diet 
without vitamin D, 24.1 grams. The milk, tuerefore, was a slightly poorer 
source of vitamin A in 1928 to 1929 than in 1926 to 1927. 

From all the results obtained on the vitamin A value of the milk in both 
series it can be definitely concluded that animals receiving 0.5 to 0.75 ce. 
per day of the milk six days a week wil] gain about 3 grams a week for the 
eight weeks’ experimental period at any time of the year. The milk con- 
tains, therefore, at least 600 units of vitamin A per pound or 1.3 to 2 units 
per gram. Dutcher, Honeywell and Dahle (13) found that 1 ec. of raw 
milk per day, as the only source of vitamin A, produced a gain of 3 grams 
a week in rats. The cows furnishing the milk received very little fresh 
pasture. Outhouse, Macy and co-workers (8) found, when feeding milk 
similar to that used in these experiments, that 3 ec. per day were required 
to give approximately normal growth. Supplee and Dow (14) reported 
that 1.65 ec. of milk per day gave a growth in rats of ‘‘2.16 to 3.75 grams 
per week,’’ the first determination being made in January and the second 
in April. The milk examined in the experiments reported here is, there- 
fore, a rich as well as a uniform source of vitamin A. 


VITAMIN B(B,) CONTENT 


The method here used for the measurement of the vitamin B(B,) values 
was that worked out by Chase (15). The experimental diet (laboratory 
No. 513) recommended by Chase (15) consisted of :—purified casein, 18 
per cent; Osborne and Mendel salt mixture, 4 per cent; butter fat, 8 per 
cent; cod liver oil, 2 per cent; cornstarch, 53 per cent; and autoclaved ba- 
ker’s yeast, 15 per cent.* Litters of young rats which had been raised to 
28 or 29 days of age on Diet B of this laboratory ad libitum plus raw beef 

2 This ‘‘baker’s’’ yeast was of relatively low initial vitamin B content and was 


autoclaved for 6 hours at 15 pounds pressure and 120°C., in the presence of 0.1 M 
potassium hydroxide. 
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at a level of 30 grams per animal per week were given the diet devoid of 
vitamin B and were continued on this diet until they were stationary in 
weight. The animals were then placed in individual cages and fed milk in 
graded amounts. One animal from each litter was continued on the basal 
diet as a negative control. 

The quantities of milk fed were 4, 8, 10 and 12 ce. per day, six days per 
week, with three to seven animals on each level during every season. The 
4, 8 and 12 ee. levels were fed at all seasons of the year, the 10 cc. level only 
in the winter and spring. 

The variation in the gains made during the year by animals receiving 
the same quantity of milk is not great and it is a question whether the dif- 
ferences found from season to season are significant. The animals receiv- 
ing 4 ec. of milk per day lost more weight in the summer than at any other 
time of the year. In the fall and winter, however, there were six cases of 
polyneuritis and three deaths among the animals receiving 4 cc. of milk. 
In the spring none of the animals showed any signs of polyneuritis and 
their average loss in weight during the 8-week period was only 5.5 grams 
as compared with losses of 18.7, 12.5 and 11.4 grams in the summer, fall 
and winter, respectively. Judging from these results it might be concluded 
that the milk was richest in vitamin B in the spring. 

The average gains made by animals receiving 8 cc. of milk were 16.5, 
29.4, 29.3 and 33.2 grams for the summer, fall, winter and spring, respec- 
tively. This rate of gain was found by Chase (15) to be most satisfactory 
in testing for vitamin B. The results obtained in the summer showed 
very little variation and were definitely poorer than those obtained for the 
other seasons. The gains made by the animals in the spring were slightly 
better than those made in the fall or winter. 

The average gains made by the animals receiving 10 ce. of milk per day 
in the winter and spring were 39.7 and 46.5 grams, respectively, a slightly 
larger gain, therefore, being made in the spring. 

The animals receiving 12 ec. of milk per day made average gains of 
51.7, 47.0, 58.2 and 55.5 grams in the summer, fall, winter and spring, 
respectively. At this level of feeding there is a tendency for the milk to 
show an improvement in its vitamin B content in the winter as well as in 
the spring. 

There was little variation in the controls, receiving the basal diet only, 
from season to season, the average lengths of survival for the summer, fall, 
winter and spring being 22.0, 21.2, 25.8 and 20.3 days, respectively. 

In figure 1 the average results for the entire year are given. 

When the average results for the year are considered it is found that 
a unit gain in weight, a gain of about 3 grams a week for the 8 weeks’ 
experimental period, was secured when 8 ce. of milk per day, 6 days in the 
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Fie. 1. ViTamMiIn B (B,) ConTENT oF MILK 


Average gain curves of rats fed milk as sole source of vitamin B during the year 
July, 1929, to July, 19230. Amount of milk fed per day is shown at end of each curve. 
Broken line indicates death of one or more rats. 


week were fed. Slightly more milk than this would probably have been 
required in the summer and slightly less in the spring. Ten to fifteen 
times as much milk is required to give a unit gain in vitamin B experiments 
as in vitamin A experiments. Milk has, therefore, about 0.1 unit of vita- 
min B(B,) per gram, or about 55 units per pound. 


VITAMIN @(B,) CONTENT 


The experiments on the vitamin G(B,) and vitamin B(B,) values of 
the milk were carried out simultaneously during the year July, 1929, to 
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July, 1930. The method used for the determination of vitamin G(B,) 
was worked out in this laboratory by Bourquin (16). Rats, 28 or 29 days 
of age, which had been raised on Diet B of this laboratory ad libitum, plus 
fresh raw beef to the extent of 30 grams per rat per week were fed the 
following diet (laboratory No. 554) :—purified casein, 18 per cent ; Osborne 
and Mendel salt mixture, 4 per cent; butter fat, 8 per cent; cod-liver oil, 
2 per cent, and corn starch, 68 per cent, part of which carried the 80 per 
cent alcoholic extract from 50 grams of wheat for each 100 grams of diet. 
The animals were kept on this diet without any additional source of vitamin 
G until they were constant in weight. They were then placed in indi- 
vidual cages and fed milk in graded amounts in addition to the basal diet. 
One animal from each litter was continued on the basal diet as a negative 
control. 

The quantities of milk fed were 1, 2, 4 and 6 cc. per day, six days a 
week. The 6 cc. level was not given in the summer but was fed in the other 
seasons. 

The vitamin G(B,) content of the milk was found to vary little from 
season to season. The results obtained on the 2 ce. level in the summer 
were lower than those found for this level of feeding in the other seasons. 
The gains made by the animals receiving 1 cc. of milk per day were 4.3, 
2.8, 7.8 and 10.0 grams for the summer, fall, winter and spring, respec- 
tively, and for the animals receiving 2 ce. the gains were 8.6, 18.6, 22.7 
and 21.6 grams for the same seasons, respectively. 

The gains made by the animals receiving 4 cc. of milk were of the order 
which has been found most satisfactory for determinations of this type. 
The animals receiving this level in the summer, fall, winter and spring 
gained 34.8, 37.0, 35.7 and 46.5 grams, respectively. The increase in the 
average gain made by these animals in the spring is probably not signifi- 
cant, for at this same time the controls, receiving the basal diet only with 
no added source of vitamin G(B,) made slight gains in weight during the 
experimental period. The negative control animals lost 10.0, 12.2 and 9.8 
grams during the summer, fall and winter, respectively, and gained in 
the spring 6.2 grams. 

In figure 2 the average results for the entire year are given. 

These results are nearly identical with those of Bourquin (16) who fed 
equivalent amounts of skimmed milk powder. In both sets of experiments, 
it was found that the gains made by the animals increase approximately in 
proportion to the levels of milk fed. 

In order to obtain a gain in weight of about 25 grams in the eight weeks’ 
experimental period, it would probably be necessary to feed about 3 ce. 
of milk per day, or 4 to 6 times as much as it required to produce the same 
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Fig. 2. ViTaMIN G (B,) CONTENT oF MILK 


Average gain curves of rats fed milk as sole source of vitamin G during the year 
July, 1929, to July, 1930. Amount of milk fed per day is shown at end of each curve. 
Broken line indicates death of one or more animals. 


gain in weight in vitamin A experiments. Milk, therefore, contains about 
150 units of vitamin G(B.,) per pound, or 0.3 unit per gram, and is, there- 
fore, a good source of this vitamin. 


SUMMARY AND CONCLUSIONS 

The vitamin A, B(B,) and G(B,) values of raw milk have been deter- 
mined at all seasons of the year. 

It was found that the vitamin A value of the milk is comparatively con- 

stant from season to season and that 0.5 to 0.75 ce. of the milk per day fed 
six days in the week will give a unit gain in weight (a growth of 3 grams 
per week throughout the eight weeks’ experimental period) at any time in 
the year. The milk contains, therefore, about 1.3 to 2 units of vitamin A 
per gram. 
’ When 8 ce. of milk per day were fed 6 days in the week, as the only 
source of vitamin B(B,), an average gain in weight of 3 grams a week for 
the experimental period (unit gain) was secured. The milk contains, 
therefore, about 0.1 unit of vitamin B(B,) per gram. 
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The vitamin G(B,) value of the milk varied little from season to season. 
When 2 cc. of milk per day were fed as the only source of vitamin G(B,) 
there was an average gain for the eight weeks’ experimental period of 17.8 
grams and when 4 cc. were fed there was an average gain of 38.5 grams. 
To secure a unit gain in weight approximately 3 cc. per day would have 
to be fed. The milk contains, therefore, about 0.3 unit of vitamin G 
per gram. 

The results reported here, together with those published in an earlier 
paper (10), indicate that a milk which is produced under excellent condi- 
tions of stall-feeding is a uniform and good source of vitamins A, B(B,), 
C and G(B,). 


The authors are indebted to Professor H. C. Sherman for the advice 
given by him during the course of this work. 
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THE PHYSIOLOGICAL EFFECT OF RATIONS RESTRICTED 
PRINCIPALLY OR SOLELY TO THE ALFALFA PLANT 


Ill, THE INFLUENCE OF VARIOUS MINERAL SUPPLEMENTS ON THE CALCIUM, 
PHOSPHORUS AND NITROGEN METABOLISM OF DAIRY CATTLE’ 
J. R. HAAG 
Department of Agricultural Chemistry 


AND 


I. R. JONES anp P. M. BRANDT 


Department of Dairy Husbandry, Oregon Agricultural Experiment Station, 
Corvallis, Oregon 


Attention has previously (1) been called to the calcium, phosphorus 
and nitrogen metabolism of dairy cattle restricted principally or solely to 
alfalfa hay. It was shown that dairy cattle whose daily milk yield varied 
from 9 to 18 kgm. were usually in positive calcium balance; in negative 
nitrogen balance when the hay contained less than 2.0 per cent nitrogen; 
and always in negative phosphorus balance when only alfalfa hay was fed. 
The negative phosphorus balances were changed to slightly positive ones by 
feeding di-sodium phosphate. In addition to the metabolism trials just 
referred to, another series was conducted during the summer of 1928, the 
results of which are reported in this paper. 


THE 1928 METABOLISM TRIALS 


In these trials we fed second cutting alfalfa hay with and without sup- 
plements of di-sodium phosphate, calcium carbonate or bone flour. The 
hay was grown under irrigation in eastern Oregon and was graded as U. S. 
No. 1, leafy. According to our analyses, this hay contained 2.06 per cent 
nitrogen, 1.16 per cent calcium and 0.153 per cent phosphorus. These are 
average figures, based on the analyses of eight samples as shown in table 1. 
We again used the two Ayrshire cows which had been used in the 1927 (1) 
trials. These cows are briefly described in table 2. 

Feeding records just previous to the 1928 trials showed that these cows 
were consuming approximately 32 pounds of alfalfa hay daily. They were 
therefore offered this amount of chopped hay just previous to and during 
the metabolism trials. After a careful check on the hay consumption while 
the cows were becoming accustomed to the metabolism stalls, a series of 
metabolism trials was conducted in successive units of 5 days each. The 
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TABLE 1 
Composition of alfalfa hay used in 1928 metabolism trials 




















SAMPLE NITROGEN CALCIUM PHOSPHORUS 
NUMBER 
per cent per cent per cent 
65 ee ee eS ee 2.00 1.12 .150 
66 . 2.08 1.18 155 
67 i - 2.07 1.20 163 
68 ; Seeieiaiiil 2.04 1.15 .150 
Sade kahctDitiidiiaiscetc tails 2.07 1.18 .155 
TO x 2.05 1.14 .153 
a _ 2.10 1.18 .150 
<a siti 2.06 1.15 .150 
| 
Averages ” 2.06 1.16 153 
TABLE 2 


Description and history of cows used in the 1928 metabolism trials 














cow |  APPROXI- WEIGHT LACTATION | PREVIOUS FEEDING 
NUMBER MATE AGE JUNE 18-23 PERIOD HISTORY 
years pounds 

456 63 1022 | Fifth period began | On alfalfa hay from Jan. 

Mar. 26, 1928 1925, except for min- 

eral supplements fed 

462 64 988 | Fifth period began | during the 1927 meta- 
| May 27, 1928 | bolism. trials. 





mixed excreta and the milk were collected and sampled daily and composite 
samples analyzed separately for each 5 day period. Instead of discarding 
the intermediate periods, we included them in order to get a continuous 
picture of what took place when the mineral contents of the rations were 
changed. All results are reported as daily averages obtained from consecu- 
tive 5 day periods. 

The mineral supplements were chosen to check our previous (1) work 
and with the hope that some light might be thrown on the significance of 
the high Ca/P intake ratio incident to rations restricted largely to alfalfa. 
The various mineral supplements were supplied in approximately equiva- 
lent amounts, that is, the calcium and phosphorus supplied by the calcium 
carbonate and di-sodium phosphate, respectively, were roughly equal to the 
amounts of these elements supplied by bone flour. 


DISCUSSION OF RESULTS 


The metabolism data are reported in table 3. It will be noted that 
the nitrogen balances were sometimes positive and sometimes negative. 
The extent to which the nitrogen balances were influenced by the total pro- 
tein intake, the biological value of alfalfa crude protein, and the monoto- 
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TABLE 3 


Average daily data secured from 1928 trials 
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NITROGEN | CALCIUM satin 
cow DISTINGUISHING MILK FEED FEED FEED 
NUMBER DATE FEATURES OF YIELD MILK MILE MILK 
RATIONS USED EXCRETA | EXCRETA | excrera 
BALANCE | BALANCE | parance 
kgm. grams grams grame 
456 June 18-23 | 14.35 kgm. alfala| 12.04 296.9 167.6 22.0 
hay 50.0 12.2 9.4 
235.2 166.5 14.4 
+11.7 -11.1 -1.8 
456 June 23-28 | 14.47 kgm. alfalfa | 12.33 298.3 168.4 22.1 
hay 512 | 118 9.6 
246.7 | 163.1 13.7 
| H.4 | 65 -1.2 
462 June 18-23 | 14.46 kgm. alfalfa | 15.13 2982 | 168.3 22.1 
hay | 66.4 | 16.8 12.6 
| 235.6 159.3 12.0 
| 38 | -7.8 -2.5 
462 June 23-28 | 14.45 kgm. alfalfa | 15.05 | 298.0 | 168.2 22.1 
63.5 16.1 12.0 
| 239.8 162.2 12.4 
| 6.3 -10.1 -2.3 
456 | June 28- 14.47 kgm. alfalfa | 12.46 | 298.3 | 231.6 22.1 
July 3 hay; 160 gm. | 50.7 11.8 9.2 
CaCO, | 2386 | 203.4 14.6 
+9.0 | +164 -1.7 
456 July 3-8 14.48 kgm. alfalfa | 11.86 298.5 231.7 22.2 
hay; 160 gm. | 475 | ll 8.7 
CaCO, 245.4 | 227.4 | 14.7 
+5.6 6.8 | -1.2 
456 July 8-13 14.48 kgm. alfalfa | 11.71 298.5 | 231.7 22.2 
hay; 160 gm. 46.4 | 11.0 8.4 
CaCO, 256.1 | 2326 | 15.6 
—4.0 -119 | -18 
} | 
456 July 13-18 | 14.47 kgm. alfalfa | 11.47 298.1 231.5 | 22.1 
hay; 160 gm. 47.5 10.9 8.3 
CaCO, 251.1 229.2 15.6 
0.5 -8.6 -1.8 
456 July 18-23 | 14.46 kgm. alfalfa | 11.25 298.2 168.3 56.2 
hay; 400 gm. 45.7 10.6 | 8.2 
di-sodium phos- 250.1 170.7 34.4 
phate +2.4 ~13.0 +13.6 
456 July 23-28 | 14.23 kgm. alfalfa | 10.51 295.2 166.8 55.8 
hay; 400 gm. | 41.9 10.0 7.5 
di-sodium phos- | 247.7 160.1 47.0 
phate | +5.6 -3.3 +1.3 
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TABLE 3 (Continued) 





NITROGEN CALCIUM a 
cow DISTINGUISHING MILK FEED FEED FEED 
NUMBER DATE FEATURES OF YIELD MILE MILE MILE 
RATIONS USED EXCRETA EXCRETA EXCRETA 


BALANCE | BALANCE | parlance 























kgm. grame grame grame 

456 July 28— 14.47 kgm. alfalfa 10.62 298.2 168.4 56.2 
Aug. 2 hay; 400 gm. 42.8 10.5 7.6 

di-sodium phos- | 245.1 162.8 47.4 

phate , +10.3 4.9 +1.2 

456 | Aug. 2-7 14.43 kgm. alfalfa 10.55 297.5 168.0 | 56.1 
hay; 400 gm. 44.1 | 104 7.6 
di-sodium phos- | 250.0 | 1614 | 47.6 

phate +3.4 -3.8 +9 

462 June 28— 14.50 kgm. alfalfa | 14.75 298.7 | 234.1 52.8 
July 3 hay; 210 gm. | 62.2 15.9 11.9 

bone flour 245.0 | 1925 | 2438 

-85 | +25.7 | +16.6 

462 July 3-8 14.44 kgm. alfalfa 13.50 | 297.9 | 233.1 52.5 
hay; 210 gm. 55.3 14.3 10.7 

bone flour 233.5 | 204.1 34.9 

+9.1 +14.7 +6.9 

462 July 8-13 14.34 kgm. alfalfa 12.50 296.6 231.5 52.0 
hay; 210 gm. | 50.4 13.2 9.9 

bone flour 250.3 209.4 37.4 

—4.1 +8.9 +4.7 

462 July 13-18 14.14 kgm. alfalfa 11.81 293.0 221.9 48.3 
hay; 210 gm. 48.0 12.4 9.4 

bone flour | 260.6 218.6 40.2 

| —15.6 -9.1 -1.3 




















nous and bulky nature of the ration, cannot be determined from this study. 
The liberal nitrogen intake and the fact that the crude proteins of alfalfa 
leaves have been shown (2) to be deficient (for rats) in cystine leads us 
to question the biological value of the proteins of rations consisting largely 
or entirely of alfalfa hay. It may also be urged that the negative nitrogen 
balances encountered in this and our previous (1) study may have been 
due to a low intake of total digestible nutrients. The cows used in the 1928 
trials maintained a practically uniform intake (30-32 lbs.) of alfalfa hay 
during the entire year. This quantity of hay probably did not furnish 
total digestible nutrients for the production of more than about 30-35 
pounds of milk. These cows were in excellent condition before calving. 
Just after calving, cows 456 and 462 weighed 1093 and 977 pounds respec- 
tively. Their milk. production never exceeded approximately 40 pounds 
and averaged about 35 pounds for the first month of lactation. At the 
beginning of the metabolism trials, these cows weighed 1022 and 988 
pounds, respectively. We have been impressed with the small loss in 
weight during early lactation and are led to wonder if this fact, together 
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with the very rapid decline in milk flow, may not indicate a lack of specific 
nutrients rather than of total digestible nutrients. 

On alfalfa hay only, the calcium and phosphorus balances were nega- 
tive, in contrast with our previous study (1) in which the calcium balances 
were usually positive. Feeding di-sodium phosphate again resulted in 
slightly positive phosphorus balances. The feeding of bone meal resulted 
in distinctly positive calcium and phosphorus balances. The supplement 
of calcium carbonate did not appear to affect the storage of either calcium 
or phosphorus. Apparently the storage of calcium was conditioned by the 
relatively low phosphorus intake. The failure of calcium carbonate in de- 
pressing phosphorus retention apparently means that a Ca/P intake ratio 
of 10.5 was no more detrimental than one of 7.6. This does not necessarily 
mean that such ratios are without detrimental effects, but does indicate that 
under certain conditions at least such ratios may be quite high without pro- 
ducing nutritional disaster. It seems to us, as has been pointed out else- 
where (3), that too many current discussions of this problem fail to take 
into account the real meaning of the theory of physiologically balanced salt 
solutions. Whether the phosphorus in alfalfa would have been more effi- 
ciently utilized in the absence of a possible excess of calcium cannot be 
determined from our data. Incidentally, the question might also be raised 
as to whether a supply of calcium 3 to 4 times that called for by the Kellner 
(4) standard should not be considered as excessive. 

The calcium and phosphorus balances are of particular interest because 
of the rather unusual degree of consistency among the results for successive 
5 day periods. The one period which appears to be distinctly out of line 
is the July 13-18 period for cow 462. This apparent discrepancy is prob- 
ably explained by the fact that this cow went off feed a few days later. 
The calcium and phosphorus balances obtained from what might be consid- 
ered 5 day intermediate periods, in harmony with previous (1) (5) studies, 
indicate a lag of about 2 days in the excretion of calcium and phosphorus. 

We are inclined to interpret this and previous (1) (2) studies as indi- 
cating that where cattle are restricted largely to alfalfa, attention can prof- 
itably be given to the choice of supplements which will increase the phos- 
phorus content of the ration and improve the biological value of the 
proteins. Where milk production above perhaps 25-35 pounds is expected, 
attention should also be given to securing a sufficient intake of total digesti- 
ble nutrients. The latter statement is based on the assumption that pre- 
vailing feeding standards furnish a rough index of the amount of alfalfa 
hay needed to cover the requirements for maintenance and milk production. 
As pointed out elsewhere in this paper, we are inclined to hold to the opin- 
ion that the rapid decline in milk flow on rations consisting largely of 
alfalfa hay is suggestive of a lack of specific nutrients rather than of total 
digestible nutrients. If the latter were the case, it would seem that cows 
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with an inheritance for high production would show a more decided ten- 
dency to keep up their milk flow at the expense of body weight. 


SUMMARY 


We have reported a series of metabolism studies in which the nitrogen, 
calcium and phosphorus balances of dairy cattle were determined for 16 
five-day periods, during which the daily milk yields varied from approxi- 
mately 10.5 to 15 kgm. The rations fed consisted of alfalfa hay with and 
without supplements of di-sodium phosphate, calcium carbonate or bone 
flour. 

The nitrogen balances were sometimes positive and sometimes negative. 
Feeding di-sodium phosphate resulted in slightly positive phosphorus bal- 
ances. Feeding bone flour resulted in positive calcium and phosphorus 
balances. A supplement of calcium carbonate did not appear to affect the 
storage of either calcium or phosphorus. 

The relation of these studies to the practice of restricting dairy cattle 
principally to alfalfa has been discussed in this paper. 
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FACTORS AFFECTING THE BODY AND TEXTURE OF 
PROCESSED CHEESE* 


HUGH L. TEMPLETON anp H. H. SOMMER 


Package processed cheese has become a very important product in the 
cheese industry. The quality of this product may be affected by a number 
of factors, yet there has been a marked lack of information concerning them 
in the literature (1, 2, 3 and 4). A study of the patent literature may 
give an outline of the general procedure that is used and certain of the 
added constituents, but it does not give any indication of the factors that 
control quality. Undoubtedly each manufacturer has made numerous prac- 
tical observations in his plant, but these are not generally available. The 
experimental work here reported is part of a study undertaken to con- 
tribute to our knowledge of this relatively recent product. 

The experimental work has concerned itself mainly with the factors 
that affect the physical properties of processed cheese. The flavor of pro- 
cessed cheese, as in ordinary cheese, is recognized as an important element 
in its quality, but an experimental study of flavor is of little permanent 
value because it is largely controlled by the blending of various lots of 
cheese. Observations on flavor were therefore made only to indicate any 
changes which may be attributed to the factors under consideration. 

A previous paper (2) has reported observations on the body and texture 
of processed cheese as affected by (1) ‘‘emulsifiers,’’ (2) processing tem- 
perature, (3) moisture content, (4) reaction, and (5) the age of the cheese 
used. The present paper gives further observations on these factors and 
in addition, on the effect of variations in (6) common salt content and (7) 
casein-to-fat ratio. 

The processed cheese that was made to study the above factors was pre- 
pared in a small steam jacketed kettle equipped with double action agitators 
patterned after kettles used commercially. The full capacity of the kettle 
was sixteen pounds, but in the experimental work only eight pounds were 
used because this amount was adequate for samples and could be handled 
more conveniently. To facilitate accurate control of the processing tem- 
perature a special thermometer was built into the hollow agitator shaft, 
the bulb being at right angles to the shaft and revolving in the cheese. 
(For further details see previous paper). 

In a previous paper (2) it had been found that cheese processed below 
140°F. is likely to undergo gassy fermentation, that the body of the pro- 
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cessed cheese is practically constant when made within the range of 140 to 
150°F., and that above 150°F. the body increases rapidly. Further, when 
the cheese is held in the kettle at 145 to 155°F. there is an increase in the 
body which is almost proportional to the holding time. Color changes have 
been noted in cheese processed at higher temperatures (1, 2). 

In view of the above observations, the processed cheese in the experi- 
ments reported here was made by heating uniformly to 148-150°F., and 
when this temperature had been reached, drawing the samples from the 
kettle without delay. All factors were kept as uniform as possible in each 
case, varying only the particular factor under consideration. 

The body of the experimental processed cheese was measured by a 
mechanical device which determined the crushing strength of an inch cube 
of the cheese with the force applied being increased at a uniform rate until 
the inch cube had been crushed to a thickness of half an inch. The results 
are reported in grams of weight, but since this weight was applied with a 
mechanical advantage of five, the figures given must be multiplied by five 
to obtain the actual crushing strength. To minimize the effect of individual 
differences between cubes, six to ten measurements were made in each case 
with the cubes cut from duplicate or triplicate samples of cheese. The 
figures reported are the averages of such measurements. This method of 
measuring the body eliminates the personal factor and gives results that 
are easily recorded; the experience with this method indicates that it is 
more reliable than ordinary personal judgment. 

Since texture concerns itself with the finer structure of the cheese for 
which no physical measurements can be given, observations on this property 
are recorded in descriptive terms. In this connection the slicing properties 
as measured on a commercial meat slicer are helpful; the appearance of the 
eut surface, the thinnest slice that can be cut without breaking, and the 
tendency of the cheese to cling to the revolving blade, all are indicative of 
texture. 

While the main purpose was to study the body and texture, observations 
were made on,— 

(1) The reaction, both pH and titratable acidity, 

(2) The appearance of the tinfoil in which the cheese was enclosed, 

(3) The color, 

(4) The moisture content, and 

(5) the keeping quality. 


EXPERIMENTAL RESULTS 


‘There are three salts that are commonly used as the so-called emulsify- 
ing agents. These are sodium citrate; di-sodium phosphate and Rochelle 
salt. No explanation will be attempted of the chemical action of these salts. 
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They are added to prevent fat separation in processing and to control the 
body and texture. Even when these salts are used, fat separation may 
occur in the early stages of heating, but in cases where the finished product 
will be satisfactory, this free fat must again become an integral part of the. 
mass by the time a temperature of 140°F. has been reached. If the fat 
separation has been excessive or if the fat is not properly re-incorporated, 
the finished cheese will have a greasy surface, the texture will tend to be 
ecarse and the body weak. With certain cheese or blends (proper age, 
acidity, ete.) it is possible to produce satisfactory processed cheese without 
the use of emulsifying salts, but on a production basis the difficulties of 
selection are so great, and the supply of cheese that meets this require- 
ment is so restricted that the use of emulsifying salts is a practical neces- 
sity. Further, even in cases where emulsifying salts would not be abso- 
lutely necessary, their use improves the product. A study of the effect of 
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various so-called emulsifying salts in processed cheese is therefore of direct 
importance. 

In accordance with the above, comparisons were made to determine the 
éffect of sodium citrate, di-sodium phosphate and*Rochelle salt, individually 
and in combinations. Graphs I to V inclusive give the results with respect 
to body. 

It will be noted in Graph I that Rochelle salt produced the firmest body, 
and di-sodium phosphate produced the weakest body, with sodium citrate 
intermediate, at all percentages tried. This confirms the previous report 
(2) with respect to sodium citrate and di-sodium phosphate, viz., that the 
former produces cheese of a firmer body than the latter. This is confirmed 
further by Graph II. Attention is called to the difference in shapes of the 
curves for citrate and phosphate in Graphs I and II; these variations are 
due to the fact that different lots of cheese were used. Variations such as 
these are encountered throughout the experimental work on processed 
cheese, and so far they have not been related to any specific property of 
the cheeses involved. This fact must be kept in mind and conclusions 
can be drawn only where a certain factor shows a general trend quite 
consistently. 

Graph III shows the body of processed cheese when made with various 
percentages and combinations of sodium citrate and Rochelle salt. Curve 
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A connects three points representing 1 and 0%, 4 and 4%, and 0 and 1%, 
sodium citrate and Rochelle salts respectively; Curve B connects five 
points representing 2 and 0%, 14 and 4%, 1 and 1%, 4 and 14%, and 0 
and 2% sodium citrate and Rochelle salts respectively; Curve C connects 
five points representing 3 and 0%, 2.25 and 0.75%, 1.5 and 1.5%, 0.75 and 
2.25%, and 0 and 3% sodium citrate and Rochelle salts respectively. In 
an entirely similar manner Graph IV shows the body of processed cheese 
when made with various combinations of di-sodium phosphate and Rochelle 
salts, and Graph V, when made with various combinations of sodium citrate 
and di-sodium phosphate. Graphs III and IV show that the general trend 
is an increase in the firmness of the cheese as Rochelle salt replaces sodium 
citrate and di-sodium phosphate respectively. Graph V, Curves A and B, 
in general show the expected effect, viz., a decrease in body as phosphate 
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replaces citrate. The results in Curve C were unexpected and no explana- 
tion is at present available. 

The reactions (pH) of the cheese samples concerned in Graphs I to V 
inclusive are given in each case, to show that the variations in the body 
are not due to differences in reaction. This becomes more apparent re- 
ferring to the results in Graph VII. 

The texture of the cheese samples in the above experiments showed 
noticeable differences. The samples containing only sodium citrate were 
considered to be most satisfactory; the texture was. smooth as shown by 
the sliced surface and by the thinness of the slice that could be cut without 
breaking. The cheese was not brittle and it contained many small air cells. 
During the processing of the cheese and discharging from the kettle there 
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is opportunity for the incorporation of air. Apparently the physical con- 
dition which enables the hot cheese mass to retain the air is also conducive 
to a smooth texture, as it has been observed that the texture is almost in- 
variably coarse when no air cells are present. 

The texture of the cheese made with Rochelle salt was not as satisfac- 
tory. As the amount of Rochelle salt was increased the cheese becomes 
slightly brittle and cross-sections showed cracks which indicate. that the 
cheese did not fuse together as the hot, viscous stream flowed into the mold. 
These cracks occasionally caused trouble in measuring the body of the 
cheese as the cube would break at one of them, causing a low result. In 
general the cheese made with Rochelle salt was somewhat mealy and did 
not slice quite as satisfactorily. A case has been reported (2, 3) where 
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gritty particles resembling broken glass were identified as calcium tartrate 
erystals. In the present experiments no such defect was observed in any 
of the cheese made with Rochelle salt. Apparently the crystallization of 
calcium tartrate in cheese occurs only under special conditions which have 
not been reproduced. 

The texture of cheese made with di-sodium phosphate was less satis- 
factory than either of the above. The cheese was not brittle but soft and 
soapy. The slicing property is poorer as the cheese tends to cling to the 
revolving blade. As with Rochelle salt, cracks due to poor fusion were 
noted. With the larger amounts of phosphate the tinfoil showed dis- 
coloration. 

From the results of the studies on these salts it was decided to use 
2.0% sodium citrate in subsequent experiments where other factors were 
being studied unless otherwise indicated. 

In the manufacture of processed cheese it is quite a common practice to 
use about 0.5% common salt in addition to that which is already present 
in the original cheese. Experiments were undertaken to determine the 
effect of added sodium chloride alone and in combination with emulsifying 
salts. In experiments comparing the effects of common salt additions up 
to 2.0%, it was found in general that the body of the cheese decreased with 
increased salt content, and fat separation during processing and graininess 
in the texture of the finished cheese increased. Salt additions in excess of 
one per cent were distinctly noticeable to the taste. In an experiment 
where 2.0% common salt and sodium citrate or Rochelle salt were added 
up to 3%, it was found that these emulsifying salts remedied the defects 
occasioned by the common salt, and there was a general trend of increased 
body with increases in the amount of emulsifying salt (Graph VI). The 
finding that the body of the cheese samples containing Rochelle salt was 
weaker in most cases than corresponding samples made with sodium citrate 
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was unexpeeted. The only explanation that can at present be suggested 
is that Rochelle salt was less efficient in overcoming the weakening effect 
of the salt on the body. 

The reaction of the original cheese and of the finished processed cheese 
is of importance in a number of respects. In commercial processing of 
cheddar cheese, it is known that the acidity of the cheese used in making 
the blend cannot be ignored; in this case, however, there is involved not 
only (1) the direct effect of reaction on the behavior in processing, but also 
(2) differences in flavor and physical properties resulting from the effect 
reaction has on the curing processes in the original cheese. The experi- 
mental work reported here has concerned itself only with the former of 
these two points. The direct effect of reaction at the time of processing is 
important because of its relation to the flavor, keeping quality and physical 
properties of the finished product, and to the discoloration of the tinfoil, 
as shown in the previous paper (2). 

In order to determine the effect of reaction at the time of processing, 
experiments were conducted in which a number of samples were prepared 
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from the same lot of original cheese, processed with 2% sodium citrate 
and with additions of sodium bicarbonate or hydrochloric acid to produce 
the desired range in reaction. Curve A in Graph VII reproduces the re- 
sults of such an experiment reported in a previous paper (2); Curve B 
gives additional results with a different lot of cheese. In the former the 
cheese was six months old, while in the latter the cheese was over ten 
months old at the time of processing; there were undoubtedly other differ- 
ences in the two lots of cheese, so that an attempt to relate the difference in 
the curves definitely to the age of the cheese is not justified. The boxed 
point on each curve represents the reaction of the control sample, ‘.e., the 
processed cheese made with 2% sodium citrate, but without either sodium 
bicarbonate or hydrochloric acid ; the reaction of these control samples give 
further indication of a difference between the two lots of cheese. 

The results in Graph VII show that the body of the processed cheese 
may be influenced to a marked extent by the reaction. Curve A differs 
from Curve B mainly in that the former shows a pronounced increase in 
body on the alkaline side of the control sample. Disregarding this differ- 
ence, the curves show a general similarity in that the maximum body comes 
within the range of pH 5.6 to 6.1. 

The texture of the cheese was found to vary with the reaction. Between 
the limits of pH 5.7 to 6.3 there was little difference in texture; at greater 
acidity, the cheese had a grainy appearance, was very brittle, and had an 
oily surface. At the most acid reaction’ indicated, the cheese was so soft 
that body measurements were impossible. With decreasing acidity beyond 
pH 6.4, the texture became more grainy, the surface of the sample was 
soapy, and the fat tended to accumulate at the upper surface of the sample. 
The layer below the fat was very coarse grained as compared with the fine 
granulations in the sample on the acid side of the above limits in which 
there was no evidence of fat rising. 

A pronounced darkening of the tinfoil was observed in the samples of 
low acidity. In the most severe cases the darkening penetrated into the 
cheese to a depth of about a fourth of an inch. The tinfoil used in lining 
the sample boxes throughout this work was of the same grade as is used 
commercially. 

The moisture content of the cheese is known to affect the body and tex- 
ture, and was therefore kept as uniform as possible in all the experiments. 
Results previously reported show that when other factors were kept con- 
stant the body of processed cheese varied inversely with the moisture con- 
tent; with high moisture the body was weak and the texture was somewhat 
grainy with a tendency for fat separation, while at the other extreme the 
cheese is very firm, dry and brittle. Numerous instances have been found 
to show that the amount of moisture present in two samples of cheese may 
be the same and yet the body will be very different. The most striking 
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example of this appears in Graph VII in which two successive points 
(Curve A) differ in body by almost 2,000 grams. 

Reference was made to the age of the two lots of cheese used in Graph 
VII, and while other factors may well be involved in this case, the some- 
what weaker body in Curve B is expected on the basis of age. This becomes 
more apparent from results previously reported (2) where three separate 
lots of cheese were processed at different ages ranging from 1 day to 9 
months. With one exception in the case of cheese three days old, the body 
of the processed cheese decreased with the age of the cheese from which it 
was made. The blending of cheese in commercial practice reduces the 
variations due to age; usually two or three parts of young cheese (1 to 3 
months old) to one part of older cheese (8 to 12 months) are used, the 
proportions being varied according to the flavor desired. 

The body of original cheese becomes weaker with increases in the fat 
content, the moisture content being held constant. This general observation 
has been verified by Sammis and Germain (5) who found further that the 
quality of such cheese decreased with increases of the fat content. Some 
of the cheese which had been made by the above investigators in their ex- 
periments, was used in processing experiments in which the object was to 
compare two commerical forms of sodium citrate (U. S. P. VIII or 2 
Na,C,H,0,.11H,0 and U. S. P. X. or Na,C,H,0,.2H,0) and di-sodium phos- 
phate. No appreciable difference was found between the two forms of 
citrate; the results have been averaged and are given in comparison with 
di-sodium phosphate in Graph II. The same lot of cheese was not used 
throughout the experimental work shown in Graph II, but at each per- 
centage of emulsifier studied the cheese used for the phosphate and citrate 
samples were comparable. Graph II is therefore a fair comparison of the 
two emulsifiers, but is not to be used to indicate the effect of increasing 
percentages. For example, the sudden drop in the body at 3% emulsifier 
was due to the fact that the average age of the cheese was about 9 months 
as compared with 64 to 7 months for the others. 

While the main object of the experimental work involved in Graph II 
was as already stated, it was found that when the results were tabulated 
there was a difference in the body of the processed cheese samples made 
from each pair of original cheese. When the findings were checked against 
the more complete record of Sammis and Germain, it was found (as is 
shown in Table 1) that in each pair of cheeses, the one with the lowest 
ratio of casein-to-fat produced the weakest body in the processed cheese. 
This fact that a high fat content weakens the body of processed cheese has 
been further verified in a study of cheese spreads where it was found that 
the moisture content of the spreads could be reduced without losing the 
spreading characteristic if the fat content was increased. 
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The relationship between the casein-to-fat ratio in the milk and the body of the resulting 





processed cheese using different emulsifying salts 











UNPROCESSED CHEESE MILE 
CHEESE i. 
7 Per cent Per cent Casein-to- 
moisture = Soy fat ratio 
7 *38.0 *53.70 *0.681 
+ 37.4 53.2 0.667 
| 
13 38.7 | 52. | 0.699 
14 38.2 | 55.3 | 0.567 
| | 
19 ... 35.8 | 5046 | 0.703 
20 34.8 | 55.2 | 0.606 
| 
21 36.0 | 52.03 0.714 
22 35.6 | 53.63 0.651 
23 | 37.8 53.54 | 0.698 
24 | 37.2 55.89 0.601 
29 | 35.2 50.00 | 0.716 
30 | 36.6 56.8 | 0.544 
31 39.2 48.65 0.796 
32 37.6 | 59.15 | 0.559 
43 39.3 | 48.80 0.791 
44 42.3 56.00 | 0.546 
105 40.1 51.08 | 0.733 
106 39.7 59.7 | 0.430 
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Body in grams 














Per cent Sodium citrate 
Emulsifier |___ Di-sodium 
used U.S.P. Phosphate 
VIII U.S.P. X 
2.0 1111 1056 
2.0 708 954 
3.0 1251 1311 
3.0 945 847 
2.0 1700 1048 
2.0 1154 | 537 
2.0 1210 712 
2.0 1007 656 
1.0 1566 1462 
1.0 983 1077 
1.0 775 636 
1.0 543 287 
1.5 1252 456 
1.5 342 162 
ms) 1506 902 
0 | 832 422 
3.0 | 465 | 208 
3.0 | 210 sae 








* These figures taken from data presented by Sammis and Germaine (5). 
** Cheese was too soft to measure. 


SUMMARY 


From the experimental work described in this paper, a number of con- 
clusions may be drawn: ° 
1. The body and texture of processed cheese are improved by the addi- 
tion of the salts used as emulsifiers. 
2. Sodium citrate gave the most desirable body and texture, Rochelle 
salt and di-sodium phosphate following in the order named. Defects noted 
with Rochelle salt were mealiness tending toward graininess and poor 
Di-sodium phosphate gave a very 


fusion of the warm cheese in the molds. 


soft, soapy product that also showed poor fusion. 
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3. Graininess is associated with lack of air cells in the cheese and is 
often accompanied by fat separation. 

4. The use of one-half of one per cent of sodium chloride is sufficient. 
More than one per cent is noticeable to the taste and weakens the body of 
the cheese. The use of the emulsifying agents lessens the body defects 
caused by the use of sodium chloride. 

5. Temperature control is necessary. 

6. The reaction of the cheese is important, commercially it is modified 
by blending. The addition of one per cent of acid or its equivalent of alkali 
weakens the body of the cheese and produces decided changes in the texture. 

7. Between reactions of pH 5.7 and 6.3 the differences in the body and 
texture are very slight. On either side of this range of reaction defects 
are noted that become more serious as the difference between the reaction 
of the sample and the limits set above increases. 

8. When all other factors are kept constant the body of processed cheese 
varies in an inverse ratio with the amount of water that is incorporated 
in it. 

9. The body of the cheese becomes weaker as the age of the cheese used 
increases. An average age of five to seven months in blending mixtures 
should give satisfactory results. 

10. The casein-to-fat ratio in the milk used for the original cheese has 
a marked effect upon the body of the processed cheese, the greater the pro- 
portion of fat the weaker the body. 

In conclusion the authors wish to express their thanks to Chas. Pfizer 
and Co., Inc., who have sponsored the fellowship under which this work 
has been done. 
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THE SOLUBILITY OF METALS IN MILK:—II. SUBMERGED 
CORROSION TESTS OF VARIOUS METALS IN MILK’ 


H. T. GEBHARDT anv H. H. SOMMER 


The solubility of metals in milk and other dairy products is of interest 
both from the standpoint of the durability of the equipment, and of the 
effect of the dissolved metals on the flavor, keeping quality and health- 
fulness of the products. Formerly the problem was considered as being 
primarily of interest to the manufacturer of dairy equipment, but with the 
keener appreciation of the possible effects of the dissolved metals on the 
dairy products in recent years, the problem has now become of direct 
interest to the manufacturer of dairy products. 

This new view-point of the problem has stimulated research work, but 
in some respects the knowledge bearing on this problem is still incomplete. 
Further, the experimental results that have been reported are not quite 
comparable and their value is conditioned because of inadequate control 
over such factors as agitation, temperature and composition of the milk 
especially with respect to dissolved oxygen, as was pointed out specifically 
for copper in a previous paper (9). 

In a detailed study of the corrosion of copper by milk (9) an experi- 
mental procedure was developed with the aim of controlling various factors. 
This procedure has been applied to other metals with special attention to 
those factors which had been found important in the corrosion of copper. 
The results of this study are given in this paper. 

The various metals studied were in the form of test pieces, 1 by 3 inches 
but varying slightly in thickness. The test pieces were clamped in a 
vertical position between the holding arms of the stirring device which 
revolved at 210 R. P. M. in about 500 ce. of milk. (For further details 
see previous paper (9).) In the present study the corrosion was deter- 
mined exclusively by weighing the test pieces before and after exposure. 
The losses in weight were finally expressed in terms of milligrams per 
square decimeter of .metal surface per hour (mg./dm.?/hr.). Since the 
same test pieces of the various metals were used throughout, it was possible 
to compare their relative corrosion resistance not only within each experi- 
ment, but also throughout the entire study. 


Received for publication May 27, 1931. 
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In order to simulate well cleaned metal surfaces in practice, the test 
pieces were lightly scoured with Bon Ami powder just enough to remove 
any tarnish before each exposure. An exception from this general pro- 
cedure was made in the tests to determine the effect of steam sterilization ; 
in these tests the pieces were scoured, exposed to steam sterilization and 
then exposed to the milk with whatever tarnish had developed. In these 
tests the type of tarnish developed by the steam sterilization, and in all 
tests the type of tarnish resulting from exposure to the milk, was care- 
fully observed. 

Using this general procedure, observations are reported as follows in 
the order given:—(1) the effect of acidity, (2) the effect of dissolved 
oxygen, (3) the effect of temperature, (4) the effect of steam sterilization, 
(5) cumulative corrosion losses with intermittent exposure, and (6) the 
type of tarnish developed. 

Table I gives the test pieces that were used, their surface areas, their 
general source and remarks. 

















TABLE 1 
The test pieces used in the corrosion tests 

METAL aan ae SOURCE REMARKS 
Aluminum ................. 0.414 U. W. Service Shop Commercial sheet 
IE -sadeiensdicaninceisiens 0.399 Cherry-Burrell Corp. Commercial sheet 
a U. W. Service Shop Commercial sheet 
Tinned Copper... | 0.402 Cherry-Burrell Corp. Edges tinned 
Tinned Copper | 0.402 | Cherry-Burrell Corp. Edges soldered 
Soldered Copper 0.398 | U. W. Service Shop Solder (50-50) coated 
Tinned Iron. ............ 0.395 | U. W. Service Shop Edges tinned 
Galvanized Iron .... 0.395 | U. W. Service Shop Edges bare iron 
Allegheny Steel | 0.399 | Cherry-Burrell Corp. Commercial sheet 
Stainless Steel ........ 0.403 U. W. Service Shop Sheet, one side polished 
Monel Metal ............. 0.396 Cherry-Burrell Corp. Commercial sheet 
Brass ected 0.412 U. W. Service Shop Sheet, alpha-brass 
German Silver ...... | 0.405 | U. W. Service Shop | Sheet 





EXPERIMENTAL RESULTS 

It has been quite generally assumed in various investigations on the cor- 
rosion of metals that the acidity is an important factor. The effect of 
acidity on corrosion was therefore given first consideration; the experi- 
mental results obtained in the study of this factor are given in table 2 
and Graph I. 

It will be noted that in many cases corrosion increased with acidity, but 
there are quite a number.of cases where this effect is comparatively slight 
and others where there was a distinct decrease in corrosion with increased 
acidity. The metals where corrosion increased with acidity at all three 
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temperatures studied, were:—zine, galvanized iron, tinned iron, tinned 
copper (edges tinned), solder coated copper, and aluminum (except at 
20° C. where there was no perceptible corrosion). Tinned copper (edges 
soldered) could be added to this group except for the slight decrease of cor- 
rosion in high acid milk at 70° C. The group of copper and copper alloys, 
viz., copper, Monel metal, brass, and German silver, showed less corrosion 
in high acid milk than in sweet milk in all cases, excepting slightly increased 
corrosion with increased acidity at 97° C. in the case of copper, Monel 
metal, and brass. Allegheny steel and stainless steel showed greater cor- 
rosion in acid milk at 20° C., no perceptible corrosion in either low or high 
acid milk at 70° C., and a very slight decrease with increased acidity at 
97° C. In the ease of nickel, increased acidity caused an increase in cor- 
rosion at 20° C., variable results at 70° C., and a decrease at 97° C. 

The variable results in the case of nickel as mentioned above are typical 
for this metal. Greater variations in duplicate or parallel experiments 
were encountered in the case of nickel than with any other metal studied. 
This was apparently occasioned by differences in the condition of the metal 
surface, but even with special care in cleaning or scouring the nickel, wide 
variations occurred in duplicate tests. 

It should be noted here (referring to Footnote (1), table 2) that cor- 
rosion was greatly increased by connecting the test piece to a more noble 
metal (platinum electrode). In the case of aluminum the corrosion under 
such conditions was strictly localized in the form of numerous pin-point 
pits. At these points particles of milk solids adhered very tenaciously. 


The Effect of Oxygen 


The réle of oxygen in copper solution has been recognized for some time. 
The results given in the previous paper (9) have demonstrated pronounced 
increases in the amount of copper dissolved in milk in the presence of 
oxygen as compared with conditions where less oxygen is present. In view 
of these results, the effect of oxygen on the corrosion of the various metals 
under consideration, was studied. Oxygen was bubbled through the milk 
during the entire period of exposure of the metal test pieces to the milk. 
The vessel containing the milk was closed except for a small gas vent, so 
that the atmosphere above the milk was substantially pure oxygen at 
atmospheric pressure. The losses in weight of the test pieces were com- 
pared with similar tests where the milk was in equilibrium with air. It 
would have been desirable to have studied this factor at various tempera- 
tures, but time limitations restricted it to one temperature. A temperature 
of 62.8° C. was chosen because it represents the usual pasteurizing tempera- 
ture and because this temperature is in the vicinity of the temperature of 
maximum solubility for most metals. The results are given in table 3 
and Graph I. 
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It will be noted that in the presence of an increased oxygen content the 
corrosion of all the metals increased with the exceptions of aluminum, 
which showed no perceptible corrosion in either case, and of tinned iron 
and stainless steel which showed decreased corrosion in the presence of 
more oxygen. Further comment on this factor will be made later in the 
discussion. 


Temperature 


In the previous paper (9) it had been found that the solubility of 
copper increased markedly with the temperature up to a maximum of 
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TABLE 2 
The effect of acidity on the solubility of metals in. milk 





(Mg. loss in weight per sq. dm. of metal surface per hr.) 


























METAL 20°C. 70°C, 97°C. 
pH 4.03*| pH 6.6| pH 4.00* | pH6.6 | pH 3.85°*| pH 6.6 
— |—— | 
Aluminum 0.0 | 0.0 | 24(1) 0.0 0.67 0.0 
Copper 0.82 | 090 | 240 | 645 | 182 | 1.34 
| ¢ 6.47 |, 18.60 
: |) 0.69 | 5 14.3 236 | 3.60 
Nickel ~| ¢ 1.06 | /710.40 | | | 
Zinc 27.2 | 238 | 51.0 | 1.59 | 252 | 8.66 
Tinned Copper 
(Edges Tinned) | 0.60 | 0.10 | 0.40 | 0.20 | 468 | 0.10 
| | | | | 
Tinned Copper 
(Edges soldered ) 0.37 0.10 0.16 | 0.20 | 0.17 | 0.27 
106 | " 
Solder coated Copper 4.92 | 2.79 |) 490 | 0.91 | 7.03 | = 0.95 
Tinned Iron | 1.01 | 0.38 | 2.20 0.33 | 538 | 3.52 
| 19.12 (30.3(2) | | | 48.3(2)| ¢ 1.77(3) 
Galvanized Iron | frase 6.51 | 157.5 | 287 | 41959 |+1.52 
Allegheny Steel | 040 | 00 | 0.0 | 00 | 0.0 0.05 
Stainless Steel | 042 | 00 | 0.0 | 0.0 | 0.0 
Monel Metal ; 1.0 123 | 28 | 10.90 | 118 | 091 
OS | cas | 
: 1.50 1.60 6.00 1.21 0.92 
Brass | 0.68 ) 6 | 
2.70(1 « | ‘ 
German Silver | 0.65 | 1.67 | | 175 | 1.13 2.00 


140 | 








* Whole milk ripened with a starter to maximum acidity. 
** Whey ripened to maximum acidity. 
(1) Metal test piece was connected to a platinum electrode. 


(2) The greater losses were observed with older test pieces which had already had 
suffered corrosion. 


(3) The old test pieces gained in weight, while the new one suffered losses. 


70° C., beyond which the solubility sharply declined, so that it was about 
the same at boiling temperature as at room temperature. This point of 
maximum solubility differed appreciably from previous findings, and the 
difference was attributed to the lack of agitation in the work ef Rice and 
Miseall (28) and unusual opportunities for oxygen solution in the work 
of Quam (26). 

The effect of temperature on the corrosion of other metals has been 
studied by several investigators but by methods concerning which similar 
questions may be raised. In the present study of the effect of temperature, 
agitation was provided by the procedure already described. The results 
obtained are given in table 4 and Graph II. 

It will be noted that the temperature of maximum solubility is at 70° C. 
for copper and copper alloys, viz., copper, brass, Monel metal and German 
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TABLE 3 
The effect of oxygen on the solubility of metals in milk 














(mg. lose /eq. dm. /hr.) 
enene, CONTROL OXYGEN 
62.8°C, 62.8°C. 
DR Ee acacia 0.0 0.0 
Copper ....... adineaieainiabianeh 6.00 17.65 
: 4.13 
Nickel si iia 14.40 25.10 
Zine ae Ware chase 1.26 2.87 
Tinned Copper (Edges Tinned) me 0.20 0.35 
Tinned Copper (Edges Soldered) | 0.10 0.15 
Solder Coated Copper wih | 0.20 0.38 
Tinned Iron =~ saasaaibaaide 0.18 0.00 
Galvamized Drom on cccccccoecenn ae 1.78 5.79 
Allegheny Steel ............... = 0.10 0.45 
Stainless Steel alee neeasmad a 0.52 0.27 
Monel Metal eaeiaaauieiaeas j | 10.47 25.80 
RE eee Sena ne 5.50 13.17 
German Silver Fastening as | 7.41 21.90 








silver, with a marked decrease in solubility on either side of this tempera- 
ture. The same holds true for nickel except that the maximum is at 75° C. 
The solubility was so low and varied so little with temperature in the case 
on aluminum, Allegheny steel (not shown on Graph II), stainless steel and 
tinned copper that no definite conclusion can be drawn as to the tempera- 


TABLE 4 
The effect of temperature on solubility of metals in milk 
































es. (mg. lose per sq. dm. of surface per hour) 
20°C. 50°C. 62.8°C. | 70°C. 75°C. 85°C. 97°C. 
SIO crisscsscrnciuiospinasies 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
MINI scdesnictnitncicisinbinieceasciie 0.90 4.54 6.00 6.45 5.24 4.00 1.34 
eee ees 0.69 11.20 | 14.40 | 14.30 | 21.00 8.00 3.60 
ND eee 2.38 1.26 1.26 1.59 1.07 1.24 8.66 
Tinned Copper (Edges 
Tinned) ... 0.10 0.20 0.20 0.20 0.00 0.00 0.10 
Tinned Copper (Edges 
Soldered)) ................ ae 0.10 0.00 0.10 0.20 0.20 0.00 0.27 
Solder Coated Copper........... 2.73 0.72 0.20 0.91 0.25 0.38 0.95 
Tinned Iron es ; 0.38 3.06 0.18 0.33 0.28 | 0.49 3.52 
Galvanized Tron co. 6.31 | ‘L.77 | 1.78 | 187 | 260 | 0.82 ben 
Allegheny Steel 0.00 0.25 0.10 0,00 0.03 0.00 0.05 
Stainless Steel slic 0.00 0.12 0.52 0.35 0.00 0.00 
Monel Metal . 1,23 10.00 10.47 10.90 9.50 4.10 0.91 
ee esneniiia . 1.50 4.00 5.50 6.00 4.90 2.80 0.92 
German Silver , 1.67 6.05 7.41 7.75 3.65 | 2.96 2.00 
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GraPH II 


ture effect. In the case of zine, galvanized iron, and solder coated copper 
there is a well defined tendency to show a minimum solubility in the tem- 
perature range where copper, copper alloys and nickel showed maximum 
solubility. 


The Effect of Steam Sterilization of Metal on Corrosion 


The oxidation of the metal surface can be expected to influence metal 
solution. Rice and Miscall (28) have reported immense increases in the 
amount of copper dissolved from oxidized surfaces as compared with bright 
copper. Copper oxidized by holding it momentarily in a Bunsen flame, 
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dissolved 3.5 times as much, and copper oxidized by immersion in chlo- 
rinated soda solution dissolved 5 times as much as bright copper. 

Experiments of this nature are of interest, because in practice the 
sterilization of equipment affords opportunity for oxidation of the metal 
surface. In a study of this factor steam sterilization was chosen because 
it is most common in practice, and by the use of an autoclave the treatment 
could be made quite uniform. The metal test pieces were laid across glass 
rods so that they were not in contact with each other or with autoclave wall. 
The test pieces were sterilized for 15 minutes at 15 pounds’ steam pressure 
in an atmosphere of steam which undoubtedly contained some air. The 
test pieces then subjected to the corrosion test without future treatment. 
The results are given in table 5. Steam sterilization of the metal caused 
pronounced increases in the corrosion of zine and galvanized iron, a slight 
increase in the case of copper, a slight decrease in the case of brass, and 
pronounced decreases in the case of Monel metal and nickel. 


Cumulative Corrosion Losses 


The same metal test pieces were used in the various experiments in this 
study in order to enable a comparison of the cumulative weight losses as the 
result of various exposures to milk followed each time by light scouring. 
The results of such a comparison are given in table 6 with the metals 
arranged in order of their weight losses. 


The Tarnishing of the Metals 


The metal test pieces were examined after each exposure to observe 
tarnishing. Of the metals studied only nickel and Monel metal showed 
pronounced tarnishing in the submerged corrosion tests. The degree of 
tarnishing varied with the temperature ; it was most intense where the rate 
of solution was highest. Nickel developed a gray tarnish at 50° C. which 
was more pronounced at 62.8 to 70° C., and at 97° C. At 75° C. a bluish 
tarnish developed which was darkest near the edges, and yellowish near the 
center. At 85° C. the tarnish was distinctly brown, darkest near the edges, 
indicating stream lines. In acid milk at 20° C. it was brown gray, show- 
ing fern-like designs, at 70° C. it was gray and at 97° C. practically no 
tarnish developed. 

Monel metal became dull at 20° C.; at 62.8° C. tarnishing was more 
intense, bluish gray at the edges with reddish brown at the center of the 
test pieces ; at 70° C. the tarnishing was similar but even more intense. At 
still higher temperatures the tarnishing was less pronounced. In acid 
milk at 20° C. practically no tarnish developed; at 70° C. the surface be- 
came slightly gray; and at 97° C. it was dark brown near the edges. 

Treatment of the metal in the autoclave produced brown-red tarnishing 
of copper and brass; nickel became dull with a slight gray-brown tarnish ; 
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zine and galvanized iron became coated with white zine oxide powder. The 
appearance of the other metals was not influenced to any extent by steam 
sterilization. 

DISCUSSION OF EXPERIMENTAL RESULTS 


The Effect of Acidity on the Corrosion of Metals by Milk 

The acidity has been generally assumed to be the most important factor 
in metal corrosion; most of the corrosion tests reported in the chemical 
engineering literature were made with acid solutions as the corrosive 
medium. This idea was carried over to the study of the corrosive action 
of milk on metals. Thus, Donauer (2) who made the first study of the 
relative corrosion of metals by milk, in planning his experiments was 
guided by the idea of the prime importance of acid in metal solution. He 
compared the action of milk and partly soured milk with acidities of 0.20 
and 0.26 per cent (calculated as lactic acid) with that of a 0.20 per cent 
lactic acid solution. He concluded that the corrosion was much higher in 
ripened milk than in sweet milk but less than in the lactic acid solution. 
Seligman (30) also suggested the importance of the acidic constituents of 
milk. Rice and Miseall (29) concluded :—‘‘Milk slightly sour dissolves 
but little more copper than normal milk.’’ North (25) studied the be- 
havior of metals in beaker tests, in solutions of lactic acid and hydrochloric 
acid of various concentrations, apparently to bring out the relative cor- 
rosion resistance of various metals to be used in dairy equipment. Hun- 
ziker, et al. (14), concluded:—‘‘In general the corrosive effect on the 


TABLE 5 
The solubility of metals as affected by steam sterilization 














AMOUNT OF METAL DISSOLVED 
aes STEAM-STERILIZED UNTREATED 

Loss in mg. /dm.? /hr. | Loss in mg. /dm.? /hr. 
Aluminum ee oats 0.0 0.0 
Allegheny Steel aaciis 0.0 0.0 
Stainless Steel .......................... ea 0.0 0.0 
Tinned Copper, Edges Tinned 0.0 0.0 
Tinned Copper, Edges Soldered | 0.0 0.0 
Tinned Iron, Edges Tinned 0.0 0.5 
Monel Metal sat r 0.0 10.5 
II scecsctersiconinc 9.9 14.4 
Copper .... = 6.3 6.0 
i a gS 5.1 5.5 
Gaalvarmized Tron ......cccc:secccosseonseenssenevee ” 10.4 1.8 
RUT ee ees ee ED 30.1 1.3 








The metals were agitated in milk at 62.8° C. during one hour. 
The values given are the averages of four determinations; with the exception of 
brass, where it is the overage of three. 
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TABLE 6 
Cumulative losses of the various metal test pieces 

















METAL NUMBER OF TOTAL LOSS a 
EXPOSURES PER 8Q. DM. PER EXPOSURE 

m mg. mg. 
Aluminum 12 0.85 | 0.07 
Allegheny Steel 11 1.28 0.12 
Stainless Steel 8 2.69 | 0.33 
Tinned Copper (Edges Tinned) 12 16.48 1.37 
Tinned Copper (Edges Soldered) 10 24.60 2.46 
Tinned Iron 12 42.15 3.52 
eee = 10 41.10 4.11 
German Silver | 10 | 43.20 | 4.32 
Brass... | 10 63.70 6.37 
Copper sia 10 64.70 6.47 
Monel Metal | 10 114.60 11.46 
Galvanized Iron 9 111.70 12.40 
Nickel 9 113.50 12.60 
Solder Coated Copper 8 


| | 196.00 24.50 





These cumulative losses represent the total loss in weight after the number of tests 
or exposures indicated, followed after each test by cleaning with Bon Ami powder. 


These figures are intended only to give a general indication of the relative durability 
of the metals. 


metals was greater in acid solutions than in the milk products. This was 
evident even where the acidity of the milk product was equal to or greater 
than that of the acid solution. This suggests that the acidity is the chief 
factor in metallic corrosion and that some of the non-acidie milk constitu- 
ents apparently exert a corrosion protective action. With minor excep- 
tions, the corrosion was. more intense in the high acid products than in the 
low acid products, and at high temperatures than at room temperature. 
But even in sweet milk products and at room temperature corrosion was 
by no means absent.’’ 

On the other hand, Frazer et al. (8) in a study of the solubility of Monel 
Metal in sulphuric acid solutions found a constant decrease of the solubility 
with increasing hydrogen-ion concentration, in solutions from 0 to 80 per 
cent (by weight) sulphuric acid. 

From the experimental results reported here (table 2) it appears that 
the question of the réle of acidity in metal corrosion must be answered in- 
dividually for each metal and for various temperatures. As has already 
been pointed out in connection with the presentation of table 2, a number 
of instances were found where increased acidity actually cause decreased 
corrosion. Further, a comparison of the quantitative data (tables 2, 3 
and 4) leads to the conclusion that the effect of acidity is never as great 
as that of dissolved gases and temperature. Acidity, therefore, can not be 
considered as the chief factor in metallic corrosion in milk. 
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The Effect of Dissolved Gases on the Corrosive Action of Milk 


The increased corrosion and pitting of metals at the liquid-air-line has 
been mentioned by investigators (11) as being indicative of the importance 
of oxygen in metal corrosion. However, it is not correct to draw conclu- 
sions concerning the effect of dissolved oxygen on metal solution from such 
partial immersion, beaker tests, because, as has been shown by Evans (4) 
and others, in such tests electrochemical phenomena appear, which offset 
the mechanism of ordinary metal solution. In such tests differential aera- 
tion cells are set up which determine the rate and the location of metal cor- 
rosion entirely by an electrochemical mechanism. 

While the réle of oxygen in copper solution has been studied and has 
been appreciated for some time, this is not the case with other metals. It 
is rather recent that this factor has received attention in the chemical engi- 
needing literature on corrosion of other metals. 

The results reported in the present paper show that oxygen plays an im- 
portant réle in the solution of all metals. An increased oxygen content in- 
creased metal solution, with few exceptions (aluminum and tinned iron). 

The study of the effect of dissolved oxygen is somewhat difficult and 
not absolutely conclusive, because a relatively long time is required to ob- 
tain a point of saturation, or a point of equilibrium with respect to dis- 
solved gases. Whether such a point has been reached cannot readily be 
determined. Another complication in such a study is the possibility that 
an excess of oxygen may cause the formation of a protective film which pre- 
vents further metal solution ; conversely the removal of oxygen may lead to 
the solution of protective films and thus cause increased corrosion. 


The Effect of Temperature on the Corrosive Action of Mak 


Various studies on the effect of temperature on metal solubility in milk 
have been reported (2, 28, 25, 26, 27, 14, 24); the temperature-solubility 
relationship has been studied most extensively for copper. Extensive data 
on copper have also been reported in a previous paper (9). Most of the 
work on metals other than copper (except that by Quam) has been based 
upon beaker tests which (because of lack of agitation) must be expected 
to give results that are not comparable with practical conditions or with the 
results reported here: 

Quam has studied the solubility of nickel, tin, chromium steel, aluminum, 
zine, and copper in milk at various temperatures. He found the solubility 
of nickel to be at a maximum at 75° C. and about equal at 50° and 95° C. 
For copper and zine he found solubility that were nearly alike, and he 
found the temperature of maximum solubility for zine at 75° and for copper 
at 90° C. 

In the present study somewhat different results were obtained. The 
temperature-solubility curves for the copper alloys were found to be very 
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similar to the curve for copper as previously reported (9). The coincidence 
of the temperatures of maximum solubility of copper and copper alloys 
appears to be more than accidental, and seems to indicate an identity of 
factors involved in their solution, viz., oxygen or oxidation-reduction poten- 
tial and temperature (9). The fact that the temperature of maximum 
solubility for nickel is approximately the same (75° C.) indicates that its 
solution is also affected by the same factors. 

Zine dissolved to the greatest extent at 97° C. and at room temperature, 
with distinctly less being dissolved at intermediate temperatures; the mini- 
mum solubility was found at 75° C. This finding is directly contrary to 
that reported by Quam. A similar tendency to approach a minimum solu- 
bility-in the vicinity of 70° C. was observed in the case of galvanized iron 
and solder coated copper. This tendency to approach a minimum at the 
temperature where copper and copper alloys show a maximum solubility 
indicates that the oxidizing conditions which prevail at that temperature 
confer protection against solution in the case of zinc, galvanized iron and 
solder coated copper, rather than aid solution as in the case of copper and 
copper alloys. 

It is of interest to note in table 2 that old test pieces of galvanized iron 
gained weight at 97° C. in sweet milk, while new test pieces lost weight, 
but lost much less than zine test pieces under similar conditions. The latter 
observation must be attributed to the mutual protection resulting from the 
combination of zine and iron. 


The Effect of the Condition of the Metal Surface 


In the experimental work the metal test pieces were cleaned and scoured 
in a manner designed to simulate practical conditions. Beyond this no work 
was undertaken to study the effect of the condition of the metal surface 
specifically. There is reason to believe that the condition of the metal sur- 
face, both from the standpoint of metallographic structure and the presence 
of protective films, is an important factor in metal solution. Therefore 
every effort was made in the cleaning and scouring to arrive at the same sur- 
face condition in all tests. In spite of these precautions wide differences 
were found in the corrosion of nickel (see tables 2 and 3) which were 
undoubtedly due to differences in the condition of the surface. This is at 
variance with conclusion of Frazer et al. (8) who stated that in submerged 
corrosion the shape and finish of the metal test is of minor importance. 
Their conclusion, however, was based on the behavior of Monel metal in 
sulphuric acid solutions during 24 hours’ exposure. It is to be expected 
that in short time exposufes (one hour in the present study) the effect of 
finish is more important than in longer exposures, because the initial rate 
of metal solution is frequently affected by visible or invisible films of oxide 
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or other compounds, which may gradually dissolye or form during ex- 
posures as the case may be. 


THE RELATIVE CORROSION RESISTANCE OF METALS 
Aluminum 


Aluminum proved very resistant to corrosion in milk under most experi- 
mental conditions. The observation that it corrodes more rapidly when in 
contact with other metals is in harmony with previous reports (Seligman 
(30), Hunziker (13, 14)). The great resistance to the action of sweet milk 
at various temperatures had also been observed by Quam (26). Aluminum 
thus ranks as one of the most resistant metals wher in contact with milk. 

The aluminum used in the present tests was wrought aluminum, which 
is known to be more resistant than cast aluminum (Seligman (30)). Dif- 
ferent results may therefore be expected with cast aluminum. 

The merits of aluminum as indicated above are in agreement with re- 
ports of the successful use of this metal in the milk industfy in Europe. 
Aluminum has proven especially suitable for holding tanks, milk cans, and 
small pieces of dairy equipment. Fillinger (6), Utz (32), Drouilly (3), 
and Faragher (5) have also recognized the value of aluminum in handling 
dairy products. Knoch (18) states that aluminum is not well suited for 
holding tanks because it suffers serious pitting when used for that purpose. 
This is not in agreement with the practical experience of others (Verbands- 
Molkerei, Zurich) where aluminum tanks have been used for years, and still 
have the same smooth and bright appearance as if new. The difference in 
experience may possibly be due to having aluminum in contact with other 
metals in the former case. 

The main difficulty in the use of aluminum equipment is that it is not 
resistant to corrosion hy ordinary alkaline washing solutions. There are, 
however, suitable cleaning procedures available which avoid this corrosive 
effect. Another handicap to the use of aluminum is the fact that aluminum 
cannot be soldered by methods now available. The fact that contact with 
other metals greatly increases corrosion and pitting of aluminum is a fur- 
ther handicap with equipment of a type where pipe lines, valves and other 
fittings (of different metals) must be connected. 

Dissolved aluminum in dairy products, in the small amounts that may 
be ingested with dairy products handled in aluminum equipment is not 
harmful to the consumer, as is evident from the work of various investi- 
gators (7, 17, 16, 20, 21). 


Copper and Copper Alloys; Monel Metal, German Silver, Brass 


Copper and copper alloys can well be discussed as a group, because 
copper is common to all of them and they have very similar properties with 
respect to their corrodibility. The solubility of these metals varies in such 
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a manner with different conditions, that unquestionably the effect of the 
constituents of the alloys becomes evident; for example, a comparison of 
the tarnishing and corrosion of Monel metal and German silver with nickel 
at various temperatures, oxygen conditions and acidities, clearly indicates 
the effect of nickel in the former two metals. 

The present experimental results differ from those reported by Hunziker 
et al. (14) with respect to the relative corrosion resistance of the metals in 
this group. These investigators stated :— ‘‘—in considering the availability 
of these copper alloys (nickel silver and Monel metal) for dairy equipment 
it should be emphasized that these alloys gave evidence of considerably 
greater resistance to corrosion than copper. This is especially true for 
Monel metal and to a lesser extent of Nickel Silver.’’ 

In line with their conclusions as quoted, they found that Nickel Silver 
proved more damaging to the flavor of dairy products than Monel metal, and 
that the former was tarnished to a greater extent. In the present study 
German Silver was found appreciably more resistant to corrosion than 
Monel metal (¢.g., see table 6). The difference in results is most probably 
due to differences in the experimental procedures used, and possibly differ- 
ences in the alloys used. 

Considering the known detrimental effect of copper on dairy products, it 
is of interest to know what proportion of the dissolved alloys consists of 
copper. Hunziker et al. (14) state-—‘‘it appears that it is usually chiefly 
the copper that goes into solution.’’ They cite a report of the Sheffield 
Farms, which indicates that German Silver in dissolving yielded mainly 
copper. In a similar manner Seligman (30) states that mainly copper 
passes into solution from German silver or Nickel silver. However, no ex- 
perimental evidence has been presented to substantiate these conclusions. 

To examine the correctness of these statements, the proportion of copper 
represented in the weight losses of German silver, Monel metal and brass on 
a one hour exposure to milk, was calculated from the observed weight losses 
and the increase in copper content of the milk as determined by a method 
previously reported (10). The results are given in table 7. The re- 
sults indicate that the percentage of copper in the weight loss varies with 
the experimental conditions; the highest percentage of copper was found 
in the weight loss from German silver when exposed to sweet milk at 70° C., 
while in acid whey at 20° C. copper composed a much smaller fraction of 
the loss. The percentage of copper in the weight loss in sweet whole milk 
at 70° C. was in close agreement with the percentage of copper in the alloy; 
only in the case of German silver at 70° C. in sweet milk was there a distinct 
tendency towards the solution of more copper. All the copper alloys showed 
less copper dissolving in the milk per square decimeter of surface than did 
copper under like conditions. 
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On the basis of cumulative weight losses as shown in Table VI the metals 
rank as follows :—German silver, brass, copper, and Monel metal ; the latter 
was corroded considerably more than the other three. 


Nickel 


Nickel and Monel metal both showed high corrosion losses, with the 
former showing the higher loss. The tendency of these two metals to tar- 
nish especially in hot milk also distinguishes them. 

Reports in the literature on practical experiences with nickel equipment 
vary considerably, some stressing the advantages and others the disadvan- 
tages of nickel. The experimental data reported here may help to elucidate 
the causes for these varying experiences. In the past, the rate of nickel 
solution was related mainly to the acidity of the corrosive medium. No 
consideration has been given to the effect of oxygen on the rate of nickel 
solution, and just this factor explains the failures with nickel when used 
with such equipment as surface coolers, cheese hoops and certain cheese 
vats (23). 

The rapid rate of nickel solution at higher temperatures in milk has 
been reported by Quam (26) and McKay et al. (23). This high corrodi- 
bility and intense tarnishing observed at high temperatures is in line with 
practical experiences with nickel pasteurizing vats. The fact that in cer- 
tain cases nickel pasteurizing vats have been used with success, may have 
been due to steam sterilization, or some treatment of the metal surface 
(polishing) which produced some degree of passivity of the metal. McKay 
(23) recommended the use of abrasives for cleaning nickel equipment. As 
has already been pointed out, nickel showed pronounced variations in cor- 
rosions tests and the variations were apparently due to differences in the 
surface condition. 

Another factor which may greatly influence the behavior of nickel has 
been mentioned by Hunziker, viz., the presence of aluminum fittings in all 
nickel equipment, causing a decrease in the corrosion of the nickel. A pro- 
tective effect of a similar nature is produced by a cathodic treatment of the 
nickel surface by a current density of 0.0043 Amp/dm.’ as described by Me- 
Kay et al. (23). These effects, however, are not specific for nickel alone. 

In comparison with copper, it may be said that nickel is noticeably less 
resistant to corrosion by milk. The effect of dissolved nickel on milk and 
other dairy products, however, is different from that of copper, as has been 
pointed out repeatedly in the literature (30, 13, 14, 23, 22, 12, 18 and 30). 


Zinc and Galvanized Iron 


In the discussion of the value of zine and galvanized iron for dairy 
equipment, the opinions expressed in the literature (1, 2, 14) agree that 
these metals should be excluded from such use. While dissolved zinc has 
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no known detrimental effect on the keeping quality of dairy products, it 
does have an immediate effect on their flavor. The low resistance of zinc 
and galvanized iron towards steam sterilization, and their rapid rate of 
solution in fresh milk, as shown in the present study, furnish further reason 
for their exclusion. It may be of interest to note that the corrosion of zinc 
and galvanized iron (table 6) is no greater than some other metals which 
have not been so generally excluded from use in dairy equipment. 


Tinned Copper, Tinned Iron, Solder Coated Copper 


These metals are considered in a group because of their similar behavior 
in contact with milk. The resistance of tinned copper qualifies this metal 
to rank among the most suitable for handling milk. Its extensive use in 
practice confirms its merits. The experimental observations of various 
investigators on the corrosion resistance of tinned copper, in general, 
justify this conclusion. 

There is, however, some disagreement concerning the corrosion resistance 
of pure tin in sweet milk. Donauer (2) reported that tin is more soluble 
than copper; Hunziker et al. (14), also reported relatively high losses of 
tin in sweet milk. On the other hand, Quam (26) found no loss in weight 
at any of the temperatures used. Rice and Miscall (28) suggest that tin 
probably dissolves more rapidly when in contact with bare copper, but give 
no experimental evidence to prove this. 

The present findings indicate that the tin coating dissolves but very 
slightly in sweet milk, and that the tin coating suffers no great attack if 
the proper cleaning agent is used. The rapid wear of the tin coating as 
frequently observed in practice and which represents the main drawback 
of this metal surface, is not due to the action of the milk, but rather to the 
cleaning methods used. Hunziker et al. (14, 15), mention that occasion- 
ally it is the poor quality of the tin coating which brings about the rapid 
wear. They suggest that efforts should be made to produce some improved 
method of tinning, leading to better contact and greater permanence of the 
coating. 

Solder coated copper is not commonly used, except in isolated cases 
where vats are ‘‘retinned’’ with solder rather than with pure tin. Solder 
is quite generally used for repair purposes, and to make smooth joints, fill 
eracks, etc., and therefore is quite frequently exposed to milk. The fact 
that solder actually dissolves in sweet milk is of interest, because of the 
toxie properties of lead. Large surfaces of exposed solder should therefore 
be avoided, although it is known, that direct lead poisoning does usually 
not occur through ingestion of small amounts of lead in the food. 

Tinned iron constitutes the chief material for construction of milk and 
eream cans, cheese vats, and various small utensils. Practical experience, 
showing that the tin coating on the iron is relatively short lived, is in agree- 
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ment with the experimental results reported here. Dissolved tin in small 
quantities does not affect the flavor and keeping quality of dirty products; 
the wearing off of the tin, however, permits solution of the exposed iron 
which is detrimental to the flavor and keeping quality. 

The present experimental data do not explain the accelerated corrosion 
ahd pitting of tinned iron as it is often observed in practice, because such 
corrosion is the result of electrolytic action. The mechanism involved in 
such corrosion has been well illustrated by Kohman and Sanborn (19) in 
a study of the protective qualities of tin plate in the cans used by the can- 
ning industry. 


Allegheny Steel, Stainless Steel 


Allegheny steel and stainless steel were found to be more resistant to 
corrosion than any of the other metals, except aluminum; aluminum was 
fully as resistant under all conditions except at a high acidity and high 
temperatures. The corrosion losses of the two steels were so low on one 
hour exposure that no difference could be designated, but the cumulative 
corrosion losses (table 6) indicated that stainless steel was corroded about 
twice as much as Allegheny steel. Other investigators (Hunziker et al. 
(14, 15), Quam (26), MacQuigg (22)), have reached similar conclusions. 
These metals have proven very satisfactory in practice, and a number of 
reports of their satisfactory application are cited by Hunziker et al. (14). 

While these steels showed practically no corrosion under the eonditions 
of the solubility tests, it is known from experimental evidence and practical 
observations that these metals are vulnerable when in contact with other 
metals. This may occur in the form of bolts, rivets, fittings, or even im- 
purities in the welding. Profuse corrosion may result in such cases, caus- 
ing these steels to be no more resistant than ordinary steels. 

The setting up of an electrolytic cell has been suggested as an explana- 
tion for the change in the behavior of these metals in contact with other 
metals, and further, that the intensity of the attack varies with tlie poten- 
tial of the other metal (Hunziker). No experimental proof to suport this 
theory has been given. It is quite probable that the setting up of a poten- 
tial difference alone (as assumed by North) is not sufficient to cause this 
change in resistance to corrosion. The detrimental effect of scratches in 
the polished surface and the known importance of highly polished surface 
emphasize that other factors must be involved in the corrosion mechanism 
of the chromium-nickel steels. 


SUMMARY 


1. Information concerning metal solution in milk is of great interest to 
the dairy manufacturer because of the effect of dissolved metals on the 
color, odor, flavor, healthfulness and keeping quality of dairy products; 
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further, such information is needed by the dairy engineer for the proper 
construction of equipment. 

2. The data in the literature on the solution of metals in milk have 
quite generally been obtained by procedures that did not give sufficient con- 
trol over important factors, viz., velocity of the liquid to the metal, com- 
position of the milk (especially gaseous content), temperature, and the sur- 
face condition of the metal. 

3. Data are presented for various metals to show the effect of variations 
in the acidity, oxygen content and temperature, and of steam sterilization 
on the corrosion losses. 

4. The solution of Allegheny steel, stainless steel, aluminum, and tinned 
copper is very slight in acid milk at room temperature, and in fresh milk 
at various temperatures and oxygen contents. 

5. On the basis of the data presented the relative corrosion resistance 
of the various metals is discussed. 
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THE DIGESTIBILITY OF PROTEIN OF DRIED MILK 
MANUFACTURED BY DIFFERENT PROCESSES 


A. MIYAWAKI, K. KANAZAWA, anp 8S. KANDA 
The Hokkaido Imperial University, Sapporo, Japan 


The problem of dried milk is becoming important in human welfare. 
Studies have been made with the products in many directions. Recently 
the vitamin contents of dried milk have been considerably studied. The 
results as reported are, however, not so consistent. The inconsistency is 
not limited to the results of the vitamin studies only, but it is also true in 
all other chemical and physical studies of dried milk. The reason for this 
inconsistency is apparent, as the methods of manufacture are very different 
with different dried products, which give a considerable change in the 
properties of milk. 

The inconsistency of the chemical and physical properties of dried 
milks led the American Dried Milk Institute to lay different standards of 
grading dry skimmilk according to different methods of manufacture. This 
is rather unfortunate for the unification of the standard, but is perhaps 
necessary at the present stage of the progress of the industry. 

In course of study on the osmotic pressure of reconstituted milk from 
different makes of dried milk, it was accidentally noticed that the digesti- 
bility of protein of dried milk may vary with different processes of manu- 
facture. Since in Japan the dried milk is principally used for infant 
feeding, it was deemed necessary to study the digestibility of protein of 
dried milks manufactured by different processes to find the best process 
of manufacture or way of handling the products which are intended for 
human nutriment, especially for infant feeding. It is hoped that this may 
lead to the improvement of the manufacturing process and finally to the 
betterment of the industry. 


PRELIMINARY EXPERIMENT 


The dried milk was reconstituted by dissolving it in distilled water 
with Gilchrist mixer in proportion of 13 grams of powder to 100 ec. water 
at 40°C. Four typical brands of dried milk sold on Japanese market were 
selected and used for the experiment. The names of the brands are Kintaro, 
Klim, Morinaga, and Lactogen. The former two are the dried milk manu- 
factured by spray process and the latter two are by drum proeess. Kintaro 
and Klim are whole milk products without any alteration as to the com- 
position of milk. Morinaga is a dried product from a partly skimmed milk 
to which sucrose has been added. It is apparently neutralized before dry- 
ing to promote the solubility of the product. Lactogen is apparently a 
whole milk product, but its lactose content is said to be modified. 
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The digestion experiment was made by adding 1 gram of pepsin to 50 
ee. of reconstituted milk and incubated at 38°C. for 12 hours. After the 
incubation, the mixture was heated to destroy pepsin, and filtered. The 
nitrogen in the filtrate was determined. Knowing the amount of nitrogen 
of the original powder, the percentage digestibility was calculated. In 
parallel with dried milk a raw fresh milk was treated in the same way 
and its digestibility was also determined for comparison. The results are 
summarized in table 1. 


























TABLE 1 
Apparent digestibilities of dried and raw milks with 2 per cent pepsin 
SPRAY PROCESS DRUM PROCESS 
RAW FRESH MILK 
Kintaro Klim Morinaga Lactogen 
82.86 91.17 93.45 77.57 83.64 
82.86 89.98 | 93.46 86.56 82.43 
85.24 88.47 | 89.37 79.50 88.28 
86.81 | 89.08 89.37 | 79.50 88.28 
88.12 90.41 89.03 74.11 86.24 
89.49 «88.78 90.12 72.26 86.83 
83.66 94.13 91.36 78.77 88.88 
82.61 94.18 91.36 77.12 87.69 
81.53 «90.58 =| 92.06 77.21 89.27 
81.01 92.18 91.01 77.24 88.69 
89.35 89.29 72.83 87.58 
88.80 90.45 72.83 87.58 
| 95.14 95.98 83.88 88.15 
96.26 95.98 84.51 88.75 
| 87.68 96.81 88.31 95.03 
| 96.01 96.26 88.31 95.03 
92.57 94.46 84.76 87.32 
93.15 83.86 85.42 87.32 
94.86 95.66 | 9351 | 92.66 
95.42 96.22 92.88 | 83.83 
Average .. 84.42 92.40 92.78 80.91 | 88.71 














The average apparent digestibility of ten samples of the raw fresh milk 
with 2 per cent pepsin was 84.42 per cent, which was rather surprising, as 
it was less than those of the most of the dried milk. Klim showed the 
highest apparent digestibility, and Kintaro was the close second, both being 
over 92 per cent. Lactogen was the third, being 88.71 per cent, and Mori- 
naga was the lowest of all, being 80.91 per cent. From these results it may 
be said that the drying of milk doés not impair the digestibility of protein 
of milk with pepsin. Indeed the drying has rather the tendency of increas- 
ing the digestibility in certain cases. It is also noticeable that the spray 
processed products are much more digestible than the drum processed 
powders. The average digestibility of the spray processed powders was 
92.59 per cent, while that of the drum processed products was only 84.81 
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per cent. This difference is not entirely due to the processes only, as it is 
seen that within drum processes Lactogen is much more digestible than 
Morinaga, the difference of the two being greater than the difference be- 
tween the spray processed products and Lactogen. As it is well known 
that in peptic digestion, a certain amount of acid is necessary to be added, 
the acidity of the reconstituted milk must therefore be necessarily consid- 
ered. As stated already Morinaga dry milk was apparently made by partly 
neutralizing the milk before drying. This must play an important part in 
interpreting this big difference in peptic digestibility. The acidity of 
reconstituted milk of different brands were as follows: Kintaro 0.171 per 
cent, Klim 0.176 per cent, Morinaga 0.045 per cent and Lactogen 0.135 per 
cent. It is noteworthy that the order of the peptic digestibility is exactly 
corresponding the order of the acidity, although they are not proportional. 
As the acid is always present in natural digestive juice, this preliminary 
experiment does not solve the problem, but gives only the degree of peptic 
action on milk protein. To imitate the natural digestion, the next experi- 
ment was carried out. 


EXPERIMENT ON PROTEIN DIGESTION WITH PEPSIN AND 
HYDROCHLORIC ACID 


The same brands of dried milk as in the preliminary experiment were 
used in this experiment. The powders were reconstituted in such a pro- 
portion that the resulting mixtures were similar to the normal milk in 
composition. Pepsin was added equally to all samples in an amount to 
constitute 1 per cent of reconstituted milk instead of 2 per cent as in the 
preliminary experiment. Different amounts of hydrochloric acid, 1.e., 0.1 
per cent, 0.2 per cent and 0.3 per cent, were added to each brand to com- 
pare the efficiency of the peptic action. In this experiment the digestion 
was made in similar manner as in the preliminary experiment allowing five 
hours for peptic action. To the filtrate thus obtained in a flask, 10 cc. of 50 
per cent trichloracetic acid solution were added and made to 200 ce. with 
water to precipitate any higher proteins such as casein, albumin, etc., still 
remaining in solution. This was filtered again and the nitrogen in the 
filtrate was determined, which may be termed as digested nitrogen. To 
see the extent of peptic cleavage of milk protein a further experiment was 
conducted with the last filtrates. To 50 cc. of the filtrate from trichloracetic 
acid 10 ee. of 2/3N H,SO, and 10 ee. of 10 per cent Na-tungstate solution 
were added in a measuring flask and made to 100 cc. with distilled water. 
Upon mixing vigorously all albumoses, peptones and the like were precipi- 
tated. This was filtered and the filtrate contained amino and other soluble 
nitrogen compounds. The nitrogen in the final filtrate was determined. 
The difference between the original nitrogen and the nitrogen in the filtrate 
from trichloracetic acid was indicated as the indigested nitrogen. The 
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nitrogen in the filtrate from trichloracetic acid was designated as the 
digested nitrogen. The difference between the latter and the nitrogen in 
the final filtrate was shown as the amount of albumose and peptone nitrogen. 

In parallel with the above experiment the samples were treated with 
pepsin alone in order to see the importance of acid in protein digestion. 
All the experiments were carried out with tinned powders freshly opened. 
It was, however, anticipated that the digestibility may be changed after 
opening the tins. To see this relation the remaining powders in tins after 
using for the experiment were kept open for 4 weeks and the peptic diges- 
tion was again made in the same manner as in the freshly opened samples. 
The results are summarized in the following tables. 























TABLE 2 
Total nitrogen in 1 gram of dried milks 
SPRAY PROCESS | DRUM PROCESS 

Kintaro Klim | Morinaga Lactogen 

| gm. gm. gm. gm. 
| 40.1357 42.0074 36.0941 38.9105 
2 39.9098 41.5313 | 35.1998 | 39.1124 
3 40.0488 | 42.5070 | 35.7102 | 39.2493 
Average | 40.0314 | 41.9152 35.6680 39.0907 





TABLE 3 
Nitrogen distribution after peptic digestion of dried milks, freshly opened 





SPRAY PROCESS DRUM PROCESS 
































NITROGEN —_—_—_———- —_ ——___- 
Kintaro | Klim Morinaga | Lactogen 
—__—_—_—_ fea tees 
gm, gm. gm. gm. 
Indigested and in precipitates from 
trichloracetic acid 11.2014 12.3130 19.0972 20.1575 
In precipitates from Na-tungstate 25.1288 26.2431 14.7474 16.7105 
In final solution | 3.7012 3.3591 | 1.8234 | 2.2227 
Digestibility, per cent 72.02 70.62 | 46.46 | 48.43 
TABLE 4 


Nitrogen distribution after peptic digestion of dried milks from tins opened for 4 weeks 





DRUM PROCESS 
NITROGEN “ee 


Kintaro Klim | Morinaga | Lactogen 





| SPRAY PROCESS | 





— a ae 





r 
| gm, gm, | 


Indigested and in precipitates from 


gm. 
| 











trichloracetie acid 12.0915 13.3609 | 20.1672 21.3132 
In precipitates.from Na-tungstate 26.8127 27.1600 14.7768 16.7050 
In final filtrate 1.1272 1.3943 | 0.7240 | 1.0725 

Digestibility, per cent | 69.79 68.12 43.46 45.48 
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TABLE 5 
Nitrogen distribution after digestion with pepsin and 0.1 per cent sciasitil acid 














SUVRAY PROCESS a | DRUM PROCESS 
NITROGEN — ~ - _ 
Kintaro | Klim | Morinaga | Lactogen 
| gm. gm, } gm. gm. 
Indigested and in precipitates from | 
trichloracetie acid 6.4050 | 7.1518 | 8.2170 8.5971 
In precipitates from Na-tungstate 23.1932 | 24.9798 | 18.5110 21.1976 
In final filtrate 10.4332 | 9.7836 | 8.9400 9.2960 
| 
Digestibility, per cent 84.00 | 82.94 76. 93. 78.01 
| | 
TABLE (¢ 


Nitrogen distribution after digestion with pepsin and 0.2 per cent hydrochloric acid 








| SPRAY PROCESS 


DRUM PROCESS 
NITROGEN — — _ ———EE | 
| 























Kintaro Klim Morinaga Lactogen 
gm. gm, gm. gm. 
Indigested and in precipitates from 
| | 
trichloracetie acid 4.2632 4.4199 | 6.5572 5.6806 
In precipitates from Na-tungstate. | 22.2710 23.6085 | 18.9552 | 22.0657 
| 
In final filtrate | 13.4972 | | 13.8868 | 10.1556 | 11.3444 
Se ae Nn ee ae _ 
Digestibility, per cent | 89.85 | 89.46 | 81.62 | 85.47 


TABLE 7 


Nitrogen distribution after eee with pepsin and 0.3 per cent hydrochloric acid 


























SPRAY PROCESS | DRUM PROCESS 
NITROGEN —_—__— 
in _Kintaro ‘K Him =< Morinaga Lactogen 
gm. gm, gm. 
Indigested and in precipitates from | 
trichloracetie acid | 3.0464 3.6718 5.3502 | 4.3000 
In precipitates from Na-tungstate 19.2746 22.7994 19.3757 22.6711 
In final filtrate 17.7104 15.4440 | 11,9420 12.1196 
| | 
casiatemeantiian einen ; } a a eee 
Digestibility, per cent | 92.39 | 91.24 87.80 89.00 








Comparing tables 5 to 7 with table 3 it can distinctly be seen that 
the addition of hydrochloric acid greatly promotes the peptic digestion. 
Especially it is helpful in splitting the primary decomposition products of 
protein by pepsin such as proteoses and peptones into the final decomposi- 
tion products such as amino acids and ammonia. It is also noticeable that 
in spite of a great improvement in digestibility of all samples of dried 
milks by addition of acid, there still remain distinct differences in digesti- 
bilities between different brands. The brand that showed a high digesti- 
bility with pepsin alone was also more digestible when acid was added. 














DIGESTIBILITY OF PROTEIN OF DRIED MILK 67 


In all cases Kintaro brand showed the highest digestibility, Klim coming 
closely next, Lactogen the third and Morinaga showing the least digesti- 
bility. The former two are spray dried products and the latter two belong 
to drum dried. Apparently it shows that the spray dried products are 
more easily digestible than the drum dried products. In consideration of 
the acidity of the dried milks, it is very likely that the variation in digesti- 
bility is not necessarily due solely to the processes of manufacture but may 
be due more to the treatment of milk before drying. Any neutralization 
of milk seems to be detrimental to the digestion of protein of dried milk. 

Comparing tables 3 and 4 it can clearly be seen that the digesti- 
bility of dried milk is reduced after opening tins. It is suggestive, there- 
fore, that the tinned dried milk should be used as soon as the tins are 
opened, not saying anything on the detrimental effect of changing in 
flavors and solubility. The percentage decrease in peptic digestion is 
calculated and is given in table 8. 


TABLE 8 
Percentage decrease of peptic digestion of protein of dried milks on standing 
after opening 

















SPRAY PROCESS DRUM PROCESS 
DIGESTIBILITY 
Kintaro Klim Morinaga Lactogen 
When tins opened | 72.02 70.62 46.46 48.43 
4 weeks after opening ................... 69.79 68.12 43.46 45.48 
Difference LE ES 2.23 2.50 3.00 2.95 
Percentage decrease ee ; 3.10 3.54 6.46 6.09 














The percentage decrease in digestibility after standing open is greatest 
for drum processed powders being nearly twice as great as that of the 
spray processed products. 


EXPERIMENT ON DIGESTION OF PROTEIN WITH WHITE RATS 


While there was a distinct difference in digestibility of protein of dried 
milk among different makes, the difference was even greater within the 
same milk with and without hydrochloric acid in peptic digestion. When 
hydrochloric acid was added the difference between different brands became 
much less, and this difference became ‘still less with increased amount of 
hydrochloric acid. This necessitated an experiment to see if there is still 
any difference in digestibility of protein among different makes of dried 
milk with animals. 

For experimental animals white rats were used. Baby albino rats 
after weaning were fed with clover, carrots, oats, casein and starch to the 
age of 61 days. Five of the same age and nearly of the same growth were 
selected and fed exclusively with dried milk for 56 days until the age of 
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118 days to let the animals adopt themselves to this food. The powdered 
milk was kneaded with a little water and given to the rats in form of a 
dough. From the 57th day of restricted feeding, or at the age of 119 days, 
the experiment was started. The animals were fed from weighed amount 
of dried milk. The experiment was continued for 4 days and faeces were 
collected for weighing and analyzing. At the end of this period any re- 
maining milk was taken, dried and weighed. The remaining milk was sub- 
tracted from the amount given during the experimental period to obtain 
the amount consumed. The faeces collected were dried at 60 to 70°C. 
and the amount weighed. The dried faeces were ground in a mortar and 
sieved to take out any hairs or cotton fibers which may have adhered to 
the faeces. These remnants on the sieve were washed, dried, weighed and 
subtracted from the weight of dried faeces. By Kjeldahl method the nitro- 
gen in the faeces was determined. Total nitrogen in the milk consumed 
minus the total nitrogen in faeces was taken as the digested nitrogen, or 
more correctly speaking the assimilated nitrogen. This, of course, does 
not give the exact figure for truly digested nitrogen, as in the faeces beside 
the indigested nitrogen there may be nitrogen of excreta of intestinal 
mucous membrane such as myosin and nitrogenous substances of pancreatic 
juice such as cholestin, lecithin, ete. Therefore the calculated digestibility 
is lower than the real. However, this error can not be very great, besides 
it is common to all. Therefore the results are comparable. 

To eliminate any errors arising from individuality the animals were fed 
alternatively, except that the same dried milk was given throughout the 
experimental period for comparison. The digestion experiment was made 
in two periods in succession with the same animals on the same samples of 
dried milk. One feeding period was 4 days. In completion of the experi- 
ment with one dried milk, it was interchanged with the others in turn, 
giving 8 days for animals to adapt themselves to the new milk. This was 
repeated until all animals were given the equal chance for all dried milks 
under the test. Therefore, each of the 4 animals was used for 8 periods, 
and each milk was tested for two periods with all of the 4 animals. The 
results of the experiment are given in table 9. 

The data in table 9 show that the digestibilities of different dried 
milks with albino rats do not differ as much as they did in artificial diges- 
tion. Still it can be seen that the spray dried products are more digestible 
than the drum dried products, and the order of the digestibility corresponds 
with that of the artificial digestion experiment. Kintaro was most digesti- 
ble, Klim was the close second, Lactogen was the third and Morinaga 
was the least digestible. The index numbers taking the most digestible 
milk as 100 are Kintaro ‘100, Klim 99.78, Lactogen 99.03 and Morinaga 
97.01. From these results it may be said that the system of drying does 
not give much difference in actual digestibility of protein of dried milk, 
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TABLE 9 
Digestibility of dried milks with white rats 





SPRAY PROCESS DRUM PROCESS 


























EXPERIMENT nema nape 
| Kintaro | Klim Morinaga |  Lactogen 
1 89.85 | 90.96 87.53 87.99 
2 89.77 89.22 85.80 88.14 
3 90.68 89.97 86.94 86.70 
4 90.32 88.91 86.09 | 90.32 
5 89.75 88.77 85.50 87.76 
6 88.25 90.68 86.96 88.92 
7 88.79 86.75 87.37 90.76 
8 89.16 89.73 89.16 89.44 
a aaa a | oe re 
Average | 89.60 | 89.37 | 86.92 | 88.73 
Index number 100.00 99.78 97.01 99.03 





but the treatment of milk before drying would have more influence. The 
neutralization of milk before drying to give a better solubility to the dried 
product is detrimental to the digestibility of the product. The difference 
of index numbers between Kintaro and Klim, both being the spray dried 
milk, is only 0.26, and that between Klim and Lactogen, the latter being a 
drum dried milk, is 0.71, while that between Lactogen and Morinaga, both 
being drum dried products, is as much as 2.02. The digestibilities of 
Kintaro at different periods of experiment with different animals varied 
from 88.25 to 90.68 per cent, the difference being 2.43 per cent. Those of 
Klim varied from 86.75 to 90.96 per cent, the difference being 4.21 per cent. 
Those of Morinaga varied from 85.50 to 89.16 per cent, the difference being 
3.66 per cent. Those of Lactogen varied from 86.70 to 90.76 per cent, the 
difference being 4.06 per cent. 

The effect of individuality of the animals played on this experiment 
may be seen from table 10. 

TABLE 10 


The effect of individuality of experimental animals to the digestibility of 
protein of dried milks 














SPRAY PROCESS DRUM PROCESS 
ANIMALS AVERAGE 
| Kintaro | Klim | Morinaga Lactogen 
re — 
A | 90.50 90.090 | 86230 | 90.100 | 989,230 
B 89.81 89.440 88.265 88:3406 88.964 
Cc 89.00 89.725 86.515 88.565 88.451 
D 89.04 88.240 86.665 88.510 88.114 


| 





There was some difference in digestible power of individuals. Rat A 
Was apparently most powerful. In all cases except Morinaga, rat A showed 
the highest digestibility. On the average rat D was the least powerful. 
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With all animals except rat C, Kintaro was most digestibie. Rat C digested 
Klim best. All rats except D digested Klim better than Lactogen. No rat 
digested Morinaga better than any other milks. The poor digestibility of 
Morinaga is therefore irrespective of the individuality of animals. 


SUM MARY 


1. The preliminary experiment shows that there is considerable differ- 
ence in peptie digestion of protein in different makes of dried milk. With 
some makes of dried milk the protein is even more digestible than fresh 
milk. The order of the digestibilities from the highest is Klim, Kintaro, 
Lactogen, fresh milk, and Morinaga. 

2. The protein digestibility of dried milk is influenced by the acidity of 
the reconstituted milk from dried milk. The digestibilities increase with 
acidities. 

3. The addition of hydrochloric acid improves the peptic digestion in 
artificial digestion experiment. The digestibility is improved in all samples. 
It is, however, more striking with low acid milk. 

4. Freshly opened dried milk is more digestible than that which was 
exposed for air after opening the tins. It is advisable therefore to open 
the tin of any dried milk when consumed. 

5. Although the artificial digestion is greatly promoted by addition of 
hydrochloric acid and the difference between different brands is much re- 
duced, the order of the digestibilities is not changed. The better digestible 
dried milk with pepsin alone is also better with addition of hydrochloric 
acid. In this experiment the order of the digestibilities from the highest 
is Kintaro, Klim, Lactogen, and Morinaga. The order of Klim and Kintaro 
was changed in this experiment from the result in the preliminary experi- 
ment in which the difference was very slight in favor of Klim. Otherwise 
the order is exactly the same. 

6. The experiment with white rats shows much less difference in di- 
gestibilities among different makes of dried milk, but it also proves that 
the dried milk which shows a better protein digestibility with pepsin has 
the higher digestibility with white rats. The order of the digestibilities 
with white rats is exactly the same as the results in the artificial digestion 
experiment, Kintaro the first, Klim the seeond, Lactogen the third, and 
Morinaga the fourth. 

7. The disadvantage in protein digestibility of Morinaga dried milk 
seems to be in its manipulation of milk in drying. Apparently the neutral- 
ization and addition of sucrose before drying impair the digestibility. 

















AN ECONOMICAL METHOD OF PRODUCING ACIDOPHILUS 
MILK 


GEORGES KNAYSI 


Department of Dairy Industry, Cornell University, Ithaca, New York 


Lactobacillus acidophilus grows poorly on artificial media and slowly in 
milk, which makes its production difficult under commercial conditions. 
The trouble comes usually from the facultative spore formers which are 
not killed by the temperature of steam under atmospheric pressure and 
which grow fast enough at 37°—-40° C. to predominate easily over acidophi- 
lus, and the problem involved in the manufacture of acidophilus milk is to 
get rid of fast growing sporulating organisms. 

The safest way, of course, is to sterilize the milk under pressure, and 
this is done by certain manufacturers. However, this involves great ex- 
pense and the product made in this way is dark in color and possesses unde- 
sirable taste. Another method which has been recommended calls for the use 
of a good grade whole milk or skimmilk which is raised to near the boiling 
point and held at that temperature for one hour, cooled down to 37° C. and 
inicubated at that temperature for four hours, which allows the germination 
of spores. The milk is then heated again to near the boiling point and held 
at the temperature another hour, cooled down to 37° C., inoculated with 2 
per cent of its volume of a pure culture of Lactobacillus acidophilus and 
incubated at that temperature until it is coagulated. It is then cooled 
down, drawn into bottles and kept at a moderately cool temperature until it 
is consumed. This process is a lengthy one, requiring 9 to 10 hours before 
the milk is ready for inoculation, and this is mainly responsible for the ex- 
cessive price of the product and limits its use by the general public. 

The method reported in this paper has, over the one outlined above, two 
fundamental advantages, the one is a greater dependability and the other is 
a reduction of about 50 per cent in the time required for the completion of 
the process. It consists briefly in using clean, pasteurized skimmilk which 
is incubated for 24 to 3 hours at 37° to 40° C. without previous heating, 
then heated to as close to the boiling point as possible, and held at that tem- 
perature for 30 minutes. The skimmilk is then cooled down as soon as pos- 
sible to 37° to 40° C. and immediately inoculated with about 1 per cent of 
its volume of a pure culture of Lactobacillus acidophilus in the actively 
growing condition, and held at that temperature till it coagulates or, prefer- 
ably, 3 or more hours after coagulation to insure a better keeping quality. 

The method is very reliable when carried out properly and the signifi- 
cance of the various steps understood, and the author was able to con- 
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sistently prepare perfectly good acidophilus milk, even after addition of 
one gram of soil per liter to the skimmilk. The principles involved are first 
to give the skimmilk an initial incubation at the same temperature at which 
it will be held after inoculation with Lactobacillus acidophilus. During 
that initial incubation, most of the viable spores present in the skimmilk, 
especially those which are most active at 37° C. and are most likely to give 
trouble, germinate and the vegetative cells destroyed by the subsequent 30 
minutes heating near the boiling point. In this connection it is well to 
point out the importance of using skimmilk which does not already contain 
a large number of bacteria in the actively growing condition and which 
may grow enough during the initial incubation period to give the product 
undesirable flavors. Secondly, the inoculum must consist of a large number 
of actively growing cells. Milk cultures which have just coagulated, or 
preferably 2 to 3 hours before they coagulate, have been found to possess 
the required qualities. An important point in the process is a quick cooling 
after the skimmilk has been heated to near the boiling point and an imme- 
diate inoculation. 

The method has been tested several months under commercial conditions 
and gave perfect results when the process was carried out properly. The 
product obtained in this way is lighter in color than that obtained by the 
now used methods, and possesses a slight cooked flavor. 


SUMMARY 


A new method of making acidophilus milk is described. This consists 
in incubating the skimmilk at 37° to 40° C. for 24 to 3 hours, heating to as 
near the boiling point as possible for 30 minutes, quick cooling at 37° to 40° 
C., immediate inoculation with an actively growing culture of Lactobacillus 
acidophilus and holding at that temperature till coagulation takes place or 
a few hours thereafter. The method is more efficient and gives a better 
product than the one now in use and has the merit of cutting into half the 
time required to get the skimmilk ready for inoculation. 

















THE CORROSION OF METALS BY MILK 
COLIN G. FINK anp FREDERICK A. ROHRMAN 


Division of Electrochemistry, Columbia University, New York 


INTRODUCTION 


Milk is the most important food for human consumption. According 
to Holm (1) there was produced in the United States in 1926 53,000,000 
tons of milk with a market value of about $4,000,000,000. By way of com- 
parison, the value of the automobile industry is placed at about $3,500,000,- 
000 and steel at $3,000,000,000. 

Cooperative milk depots, pasteurizing plants and commerce have or- 
dained the use of large installations of metal equipment. A very large 
proportion of the milk produced in America today is pasteurized in metal 
equipment. 

In strong contrast to its very mild action on the organs of the human 
body, the effect of milk on most metals is quite pronounced, in fact, the 
corrosion of metals by milk is one of the most serious corrosion problems 
facing modern civilization and industry. 


IMPORTANCE OF THE MILK CORROSION PROBLEM 


Not only does the corrosion of metals by milk become an economic prob- 
lem from the point of view of equipment replacement, but it is important 
also from the marketability and physiological factors involved. Improper 
equipment may lead to contamination of the milk by the products of cor- 
rosion to such an extent that not only is the flavor affected, but also the food 
value. The flavor may be affected by simple metal contamination, giving 
the characteristic metallic taste, or by the indirect action of the dissolved 
metals on the microorganisms in the milk, resulting in the ‘‘mealy’’ 
flavor (2). 

A considerable amount of information has been obtained on the effect 
of metals in foods upon animals and human beings. The present paper 
is not intended to be a physiological treatment of the subject. However, 
this much can be said—nature has given us in milk a food which has been 
unchanged over thousands of years; it is hardly to be expected, in spite of 
many recent investigations indicating the contrary for iron and copper, 
that the addition of foreign metals in solution in the milk, as products of 
corrosion of equipment, will improve this food. Does it not seem logical 
that a milk which has been pasteurized in the proper metal equipment and 
has retained its original metal and other constituents without the intro- 
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duction of foreign materials will be superior to a milk which has been 
relieved of part of its metallic contents or has been contaminated by foreign 
metals? 


PREVIOUS INVESTIGATIONS 


The corrosive action of milk on metals is by no means a new observation. 
It has long been known that milk in contact with iron and copper will not 
only acquire a metallic taste, but corrode these metals readily. 

Supplee and Bellis (3) found that just a few bronze joints and tees in a 
pasteurizing unit would increase the copper content of the milk. The 
action of milk upon copper and other metals has been studied by Donauer 
(4), Rice and Misecall (5), Quam, Soloman and Hellwig (6), Miscall, 
Cavanaugh and Carodemus (7). 

Nickel and Monel metal have been studied by McKay, Fraser and 
Searle (8), Flowers (9), and others. Chiara (10) studied these metals 
along with their zine alloys. 

Hunziker, Cordes and Nissen (11) have made a very extensive study 
of the action of milk upon a series of metals and alloys. These investigators 
and others have tested copper, nickel, aluminum, iron, tin, zinc, Monel 
(nickel-copper-iron alloy), German or nickel silver alloys, ‘‘stainless’’ 
alloys, ete. 

METHODS OF INVESTIGATION 


Almost all of the investigators determined the corrosion of the metals in 
milk by subjecting weighed samples of the iaetals to the action of milk for 
definite periods of time at certain temperatures. After the exposure the 
metal sample would be weighed again and the amount of corrosion esti- 
mated from the loss in weight. As will be shown later and has previously 
been pointed out by students of corrosion, loss in weight is not always a 
good criterion of the degree of corrosion. The accuracy of a loss-in-weight 
determination can, however, be greatly improved upon by visual or micro- 
scopic observations. 

Almost all of the earlier investigators were unanimous in attributing 
the corrosion of metals by milk to acid corrosion, that is, substitution of 
hydrogen for metal. 


STATUS OF METALS IN MILK EQUIPMENT 


Hunziker, Cordes and Nissen (11), as a result of their recent detailed 
investigation, align the metals they tested into the following four groups, 
according to relative merit: 


1. Allegheny Metal, tin, and heavily tinned copper. 
These metals have no effect on flavor and show maximum resis- 
tance to corrosion and tarnishing. The tin coating on copper 
must be heavy and intact. 
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Nickel, aluminum, and manganese aluminum alloy. 
These metals are not entirely satisfactory in high acid milk prod- 
ucts. Furthermore, the nickel tarnishes readily and the aluminum 
is sensitive to alkali washing powders. 

3. Monel Metal, Enduro, Ascoloy, and nickel Silver. 
Monel Metal tarnishes appreciably in milk products. In these 
tests it had only slight effect on flavor. Enduro and Ascoloy are 
sensitive to high-acid products and their performance in dairy 
equipment is uncertain. Nickel silver tarnishes severely and was 
injurious to flavor in the majority of milk products. 

Tinned iron, copper, galvanized iron, iron, and zinc. 
With the exception of properly tinned iron, this group is unfit 
for use in contact with milk products. Tinned iron is equally so 
whenever iron is exposed. 


- 


The above tabulation is not strictly in accordance with our own findings, 
notably in the case of the 18-8 chrome-nickel iron alloys. We group the 
metals and alloys as follows (see table, page 18) : 


(1) 18-8 alloys: (Allegheny metal, Enduro KA,, ete.) Hyblum, tin, 
heavily tinned copper and chromium plated copper or nickel. 

(2) 95 Copper—5 Nickel alloy, 12-13% chrome-irons. 

(3) Monel, nickel-silvers, nickel, copper, aluminum, manganese, silicon- 
copper alloy, Ambrac. 

(4) Iron, tinned iron, galvanized iron, zine. 


The basis for our tabulation will be evident from the experiments 
recorded in the following pages. 


THE NATURE OF CORROSION 


Before discussing the nature of corrosion by milk, it seems logical that 
one should first understand the fundamentals of corrosion by simple solu- 
tions. The electrochemical theory of corrosion is today almost universally 
accepted. When a metal goes into solution one can say then that it is the 
result of an electrochemical action. As the metal goes into solution and 
passes from a zero charge, as the metallic state is designated, to positively 
charged ions, an equivalent amount of electricity must pass from the solu- 
tion to the metal so as to neutralize the charge. In the case of acid corro- 
sion this may be expressed as follows: 


Mo + H*Cl- —> He + M°Cl (1) 

In the case of corrosion by metallic salts this may be expressed as follows: 
Me + Cu**SO, > Cue + MSO, (2a) 

2 Me + Cu**SO,= — Cue + MSO; (2b) 


In the case of corrosion due to the presence of oxygen, this may be expressed 
for copper as follows: 
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2 Cu (metal) +2 O=2 CuO (3a) 
then 
2Cu0+2 HCl — CuCl, + HO (3b) 


Before reactions 1 and 2 can proceed, the concentrations of acid and 
metallic salts must be high enough by Nernst’s equation to make that reac- 
tion possible, thus at low concentrations of acid, or metallic salt, corrosion 
by these means may not be possible. Furthermore, in order that case (1) 
may be satisfied hydrogen must either evolve or be removed with oxygen, 
otherwise corrosion cannot proceed. This is the well-known phenomenon 
of over-voltage polarization and oxygen acts as a depolarizer. 

The cases just presented are subjected to a number of factors which 
affect the speeds at which they proceed, such as chemical and physical 
conditions of the metal, kind of solvent, circulation, ete. 

A point of note is that oxygen may sometimes, contrary to general 
belief, inhibit rather than assist corrosion. Thus, if the rate of oxygen 
supply permits the formation of slightly soluble oxide films, the metal is 
said to become passive and resists solution. This is frequently the case 
with iron and nickel, as investigated by Evans (12). 

Every corrosion problem is a problem in itself, many times appearing 
to overthrow the fundamental concepts gained from other experiences. 
The problem of corrosion of metals by milk is one like this. Why milk 
should have such a profound effect on metals has never before been satis- 
factorily explained. 

THE NATURE OF CORROSION BY MILK 


Milk is known to be a complex body containing both organic and inor- 
ganic radicals. Ordinary milk tends to be slightly acidic, having a pH at 
room temperature of 6.6—6.7 when sweet, to 4.6 when sour. It is evident, 
then, that unless extreme precautions are taken immediately after the milk 
is drawn from the cow, it will become slightly acidic due to the lactic acid 
produced by bacteria (13). Increasing the temperature of milk increases 
the acidity (14), consequently this factor may be one of the explanations 
why the corrosion rate of metals in milk increases at the higher tempera- 
tures. Quam (15), as well as others, have found that the corroding action 
of milk on metals passed through a maximum at about 80°C., as the tem- 
perature of the milk was gradually increased. 

It is quite evident that the acidity of milk is too low for Equation (1) 
to proceed in the absence of oxygen. That this is true can be ascertained 
from the results of Emery and Henley (16) who found that milk had very 
little effect on some metals in the absence of oxygen. As the temperature 
of milk is being increased, the oxygen content decreases, and the acidity, 
as mentioned before, increases and at the same time viscosity decreases (17). 
The first factor being unfavorable for corrosion above 80°C. must over- 

















THE CORROSION OF METALS BY MILK 77 


shadow the favorable effects of viscosity and pH, causing a drop in the 
solubility rate curve. It is well known that above 80°C. the oxygen con- 
tent of water, which may be compared to milk, decreases to almost zero. 

The presence of a large amount of dissolved oxygen at the lower tem- 
perature might even act to inhibit the corrosion of such metals as nickel 
which readily forms protective oxide films. This may be one explanation 
why the average nickel pasteurizing unit does not corrode very readily in 
the cold sections of the equipment, yet frequently does corrode in the 
regenerator where a large amount of the oxygen is driven out of solution 
and leaves an insufficient amount to promote the formation of passive films. 

Donauer (4) has caleulated that the corrosion rate for most metals is ten 
times greater at pasteurizing temperature than at room temperature. That 
a certain amount of oxygen is necessary may be true for the type of corro- 
sion as indicated by Equation (1), and, again, it is quite possible that an 
excess of oxygen will inhibit the corrosion of metals like nickel. 


THE FINK THEORY OF CORROSION BY MILK 


Fink attributed the corrosion of nickel by milk to the copper in the 
milk (18). It is the copper present in all normal milk that is responsible 
for a great deal of the observed corrosion. We may express the theory of 
base metals according to the Equation (2) : 


Ni+Cu** — Ni** + Cu 


It is a well-known fact that all normal milk contains copper to the 
extent of 4-6 parts per ten million (19). This copper content is easily 
raised, as previously mentioned, by the presence of bronze, brass or copper 
fittings and equipment in contact with the milk. Moreover, the influence 
of oxygen is here very slight. 

This type of corrosion, due to metal substitution, is similar to acid cor- 
rosion except that it is influenced by a greater potential, that is, in equi- 
molecular concentrations of copper and hydrogen ions, nickel has a greater 
tendency, by about 0.3 volts, to go into solution in the presence of copper 
(20). This potential difference is, of course, influenced by the respective 
activity concentrations of hydrogen ions and copper, and may be mathe- 
matically expressed at 25°C. as: 





0.059 0.059 
E, = (— .23+—>3— log Cx,) - (+ 34+ —5— log Cox) 
E= “‘ «s -( 0 +0.059 log Cy) 
Subtracting, 
0.059 
E, =— .34-—3— (log Cou-2 log Cy) 





These equations demonstrate theoretically that the corrosion of nickel pas- 
teurizing equipment is influenced more by the copper concentration of the 
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milk than by the hydrogen-ion concentration. Moreover, hydrogen has a 
greater over-voltage than copper, making for an even greater difference. 
The argument may be advanced that the copper in milk is bound up into 
complex combinations and does not present the ‘‘activity’’ that the 
hydrogen ions do. That this argument is untenable will be shown later. 

Rice and Miseall (5) have shown that, as milk was being handled in 
nickel cream separators, the copper content decreased. This decrease in 
copper could not have taken place without solution of nickel. A close 
examination of milk-shake mixers made of nickel will give evidence of a 
dark coloration that does not wash off. By taking a badly corroded nickel 
regenerator tube and dissolving this black coloration in nitric acid, we were 
able to electroplate copper out of the resulting solution. 


LARGE SCALE TEST: CORROSION DUE TO COPPER 


With this knowledge, and not disregarding the effects of acid corrosion 
and of oxygen, a test was made upon one of the pasteurizing plants of New 
York City. This plant was similar to the many other plants of the city; 
milk was stored in enamelled tanks, the pasteurizing equipment was con- 
structed of nickel and copper with the usual bronze joints. 

In this plant test samples of milk were taken from thirteen different 
locations or sections of the pasteurizing equipment. These samples were 
taken by a disinterested party and labelled by numbers, consequently, when 
they arrived in our hands, our only guide were the numbers. We had no 
information on any sample as to whether it had been in contact with either 
cold or hot metal or what this metal was. 


DETERMINATION OF COPPER IN THE MILK SAMPLES 


The samples of milk were then analyzed by the xanthate, colorimetric 
method. Many trial analyses on known water blanks containing organic 
matter were tried before the errors of the method were under control and 
the technique mastered. Duplicate samples of milk of 100 ee. each were 
slowly evaporated and ashed in 200 ee. silica evaporating dishes. The con- 
tents of the evaporating dish were protected from possible gas flame con- 
tamination by means of an asbestos collar. 

Ashing in an electric furnace was tried but erratic results were obtained 
due to copper volatilization at the higher temperatures. Electric furnace 
ashing should no doubt be satisfactory if the temperature could be con- 
trolled within reasonable limits. 

It was soon noted that the silica became covered with a dark crust which 
resisted later solution. This crust was found to dissolve in hydrofluoric 
acid. Consequently, after each ashing a few drops of hydrofluoric acid 
were added to the hydrochloric acid when the ash was to be dissolved. 
From here on the usual method was applied, namely, evaporation of the 

















THE CORROSION OF METALS BY MILK 79 


dissolving hydrochloric acid solution in water, addition of ammonia, filtra- 
tion, and neutralization to the same pH. The identical quantities of water, 
acid, and ammonia were used with each milk sample and the analytical 
procedure, time, temperature, etc., were as nearly identical as possible. 
These preliminary steps were then followed by the colorimetric xanthate 
comparison with known standards. All comparisons were made in the same 
light and under the same conditions of temperature. 

The above procedure in the copper determinations, although exceed- 
ingly laborious and requiring considerable care, gave very good checks and 
enabled us to predict whether the milk had gone over nickel or copper, or 
copper alloy. When it had passed over nickel, the copper content would 
decrease by reaction (2a), and when it had come into contact with copper, 
the copper content would increase by reaction (3). After completing the 
analyses a description of each sample,of milk was furnished us, including 
temperature, metal contact, ete. In each one of the thirteen cases the 
amount of copper found agreed almost precisely with what was to be 
expected. We could thus tell in advance from the copper analyses whether 
the milk had just passed over copper or nickel metal. In one case only, 
where chromium plated copper equipment had come into contact with the 
milk, a very slight change was noticed which in due fairness could be 
attributed to a slight experimental error. A striking illustration of a 
series of tests was in the case of one of the regenerators. This regenerator 
was constructed as follows: The first six tubes were of pure nickel, followed 
by 8 copper tubes and then again by 16 nickel tubes. The analysis of the 
milk at the inlet of this regenerator indicated a copper content of 0.43 
p.p.m. After passing through the six nickel tubes, the copper content 
dropped to 0.31 p.p.m. At the outlet of the eight copper tubes, the copper 
content was found to have increased to 0.76 p.p.m. At the outlet of the 
remaining tubes of nickel, the copper content of the milk was found to have 
dropped -to 0.43 p.p.m. 

These results are only examples of how the copper content varied in the 
entire pasteurizing equipment. A number of the nickel tubes exposed to 
the milk showed deeply corroded areas, indicating loss of nickel metal, and, 
although no analysis was made of the nickel content of the milk, it is safe 
to assume that the nickel content was accumulative because of the absence 
of any less noble metal for the nickel to plate out upon. 

The copper analyses do, no doubt, vary from day to day, depending 
upon the rate of pasteurizing and temperatures, but will, we believe, always 
be in the same sensible order as found in this particular case. 


DIFFERENCES IN CORROSION RATES 


A careful corrosion study of a pasteurizing plant of this type revealed 
to us that the corrosion of the nickel is most severe in the regenerators. In 
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almost all cases the most severe corrosion was found to have occurred in 
this portion of the equipment. Here the corrosion is so pronounced as to 
deeply pit the tubes. The nickel equipment in the other sections of the 
plant is not corroded to the same extent as the regenerator tubes. 


A THEORY OF THE DEGREE OF CORROSION 


As previously mentioned, in the presence of oxygen nickel has a ten- 
dency to form a protective film of oxide which resists corrosive action. 
Brown, Roetheli and Forrest (21) have recently made some very interesting 
measurements on the initial corrosion rates of several metals among which 
were nickel and copper. The results they obtained showed that in the 
presence of aerated water nickel went into solution much more slowly than 
copper. In other words, the oxide film that must first form in the case of 
nickel is less soluble and protects the underlying metal better than the cop- 
per oxide film. It must be remembered that in the presence of oxygen the 
potential of the metal is in reality the potential of the metal oxide. Too 
liberal a use of the electromotive series is then not permissible. 

As these effects of oxygen and oxide films in water are no doubt approxi- 
mately the same in the case of metals in milk, many apparent discrepancies 
ean be explained. At first the milk is cold and contains a liberal amount 
of oxygen; then, as it passes through nickel equipment, very little action 
takes place—in fact, if a few copper tees and pipes are present, the copper 
content will quite likely increase instead of decrease. This was found by 
Supplee and Bellis (19) and confirmed by our own experiments. As this 
milk is fresh, the pH is high, generally around 6.6—6.7; consequently, acid 
corrosion is insignificant. 

After the milk is heated to the pasteurizing temperatures and trans- 
ported through pipes to the regenerators, a change in the milk takes place. 
As previously mentioned, the viscosity decreases and the pH decreases with 
a higher temperature. Above all, the amount of oxygen dissolved in the 
milk is decreased considerably: Consequently, nickel does not readily form 
a protective film in the presence of the low oxygen concentration. When 
the oxygen content of the milk drops below a certain value, the corrosion 
of the nickel increases, the rate for the formation of a continuous, protec- 
tive film now being far below the corrosion or pitting rate. At the same 
time as the oxygen or air in the milk is eliminated, any copper that is 
present in the milk has a tendency to pass from the cupric (Cu**) to the 
euprous (Cu*) state (22). Increasing the temperature also favors this 
tendency. When copper is in the cuprous state it has a greater tendency to 


As 


plate out of solution because Cu* — Cu°-— 0.51 volts; therefore, in a heated 
solution of copper, or in heated copper containing milk, in the presence of a 
less noble metal like nickel, a greater corrosion rate, by metal substitution, 
will result than in the cold solution. 
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THE MECHANISM OF THE DISPLACEMENT REACTION 


The action in the case of milk upon a metal like nickel may be visualized 
as follows: To begin with, a small amount of nickel goes into solution and 
at the same time copper metal plates out of solution. A couple is then 
formed on the surface of the nickel and more nickel goes into solution, 
resulting in a small pit on the surface of the tube. This may be called the 
primary stage of the corrosion. 

In the second stage of corrosion another factor may enter in. Bacteria 
called thermophiles (23) are present in most milk, and, although physio- 
logically harmless, thrive at high milk temperatures, and decompose the 
lactose to lactic acid. These thermophilic bacteria, or spore formers, are 
aerobic (oxygen consumers) and ‘‘delight in living in the milk solids that 
might cook to the sides of the pasteurizing equipment’’ (24). These bac- 
teria have a tendency to seek the crevices of the tubes and resist all but the 
most thorough efforts of cleansing. 

It is quite evident, then, that these bacteria will settle in the pits formed 
by the first stages of corrosion. After they have accumulated and multi- 
plied, each pit will be an active corrosion center. The oxygen content of 
the pit will decrease, the acid concentration increase, and nickel will go 
into solution. This might be called the second stage of the corrosion. 

The actual plant observations show that when the regenerator tubes are 
made of nickel they are badly pitted. 

It is of interest to note that the interior of these tubes is dark in color. 
To test for the presence of copper deposited on the nickel, the inside of a 
tube section was swished with nitric acid. The tube brightened and the 
resulting solution was electroanalyzed. Immediately a copper deposit 
formed on the platinum cathode, thus proving that the dark colored deposit 
on the nickel tube wall was partly, if not completely, due to copper. 


MILK CORROSION TESTS WITH OTHER METALS 


In order to find a metal or alloy which would resist the corrosion of milk 
at low and high temperatures and which would be more suitable for pas- 
teurizing equipment than any metal now in use, a new series of experi- 
ments was initiated. Small samples of metals and alloys were subjected 
to raw milk for definite lengths of time and at controlled temperatures. 
The milk was analyzed for copper before and after the experiment. Besides 
this, no other test except a visua] examination was given each metal speci- 
men after an experiment. 

On the basis of the findings recorded above, it is obvious that, as a 
metal is being substituted for copper, the weight loss or gain will give very 
little information or indication as to the corrosion performance. On the 
other hand, an analysis of the solution or milk will certainly tell the story 
of the corrosion. 
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Inasmuch as copper has a very great tendency to go into solution in 
the presence of oxygen, and nickel has a tendency to displace copper from 
solution, it was thought that some alloy of the two metals might be made 
in which the tendency of one metal would counteract that of the other. 
We were encouraged in this belief since we had observed that nickel-copper 
alloys high in copper would, at any well defined temperature of the milk, 
lose copper, and alloys of the two metals high in nickel lose nickel. Accord- 
ingly, there ought to be an alloy of the two metals which at, say, pasteuriz- 
ing temperatures would satisfactorily resist the corrosion by milk. The 
value of such an alloy is evident: corrosion would be eliminated and the 
copper conterrt of the milk would remain undisturbed. Since Monel metal 
(approximately 28% Copper and 69% Nickel) is known to be corroded 
by milk, resulting in a milk high in copper, alloys of 5, 10, 15 and 20 per 
cent copper, balance nickel, were made up. These alloys were carefully 
made, poured into clean molds, given the same uniform heat treatment, and 
carefully polished. 

Of this polished area 50 sq. em. was then exposed to 200 ce. of raw milk 
at 40°F. (4.4°C.) for 60 hours. The raw milk previous to exposure showed 
copper to the extent of 0.50 p.p.m. The results of the analysis are as 
follows : 























TABLE 1 
ae | — 
COMP. OF Cu-Ni ALLOY Bl | CU CONTENT OF MILK 
TEMP. °F. —_—-— — 
%Cu | Jo Ni Hrs. | Initial Final 
| p. p.m. p. p. mM. 
20 80 60 40 0.5 1.25 
15 85 60 40 i 1.02 
10 90 60 40 he 0.65 
5 95 60 40 “6 0.52 
0 | pure nickel 60 40 oe 0.10 








The metal specimens were all tarnished to about the same degree. It was 
quite evident, after the samples had been cleaned and then exposed to hot 
milk and had given the same trend in results, that no alloy of nickel and 
copper could be successfully employed at both temperatures to resist cor- 
rosive action of milk. The alloy of 5% Cu and 95% Ni did maintain a 
good copper balance in the milk at 40°, but not at higher temperatures. 
All of the samples showed the characteristic discoloration due to the 
cementation of copper. It might seem peculiar that copper will plate out 
and/or go into solution from the same specimen. We may attribute this 
to a specific local action. When nickel and copper are melted together they 
form a simple, solid solution. Upon solidification, then, both nickel and 
copper will be in the space lattice. The copper in the milk will then sub- 
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stitute for the nickel in the alloy’s surface. The result is a specimen pre- 
senting only a copper surface. As the concentration of oxygen builds up, 
the oxygen-liquid corrosion is now diverted to the copper, causing its solu- 
tion, which results in nickel being uncovered and subjected to the attack. 
This cycle continues, and, as in the case of Monel ‘metal, solution rate is 
faster than ordinarily. 


OTHER ALLOYS INVESTIGATED 


Allegheny metals, Nirusta, and other 18-8 alloys suggested themselves 
as possible substitutes for copper-nickel equipment. The results of the 
corrosion tests on these chrome alloys are given in table 2. 

Alloys of nickel, copper and zine have been recommended frequently 
for milk pasteurizing equipment. Recently the alloys Ambrae A and 
Ambrac B have been favored in some installations. These were tested by 
us and found to go into solution, bringing up the copper content, but leav- 
ing a smooth surface rather than a pitted surface. The results of these 
alloys, when corroded by milk, are also included in table 2. 

The last alloy of promise that was studied in the research so far carried 
out was Hyblum. Hyblum is a high-aluminum nickel-aluminum alloy. It 
is very white, and light in weight. As the results in table 2 show, it 
gives promise of being good metal to use. However, it does not stand up 
well under the action of cleaning compounds that are commonly used in 
dairies. 

TABLE 2 























: TIME or CU CONTENT OF MILK 

APPROXIMATE EXPOSURE 

METAL COMP. OR KIND TEMP. 'F. 
Hrs. Initial | Final 
| | | -p.p.m. p-p-m. 
Ambrac A | Cu 75, Zn 5, Ni 20% 24 145 } 0.55 | 2.05 
Ambrac B Cu 65, Zn 5, Ni 30% 24 145 0.55 1.15 
| 

Monel 30 Ni 70% | 24 145 0.55 0.83 
Nickel Pure, rolled plate 24 145 0.55 >0.10 
Hyblum Al 95 Ni 5 60 } 40 0.50 0.50 
Enduro KA, Ni 8, Cr 18, Fe 74 24 | 145 0.55 | 0.55 
Allegheny | “ « “ | 2% | 145 0.55 0.50 





SUMMARY AND CONCLUSIONS 


Investigators in the past have shown that: 
(1) Copper, naturally present in small amounts in milk and other foods, 
is a physiologically necessary and important constituent (25, 26, 27, 28, 29, 


30, 31, 32, 33, 34, 33). 
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(2) The natural copper content of milk varies between 0.3 and 0.7 
parts per million. 

Our own experiments demonstrate conclusively that: 

(3) Copper, nickel and copper-nickel alloys, when exposed to milk dur- 
ing pasteurization, may bring about an increase above 0.7 p.p.m. or a 
decrease below 0.3 p.p.m. in the copper content of the milk. 

(4) This change in the copper content of the milk is more pronounced 
at elevated temperatures. 

(5) When milk in contact with nickel apparatus loses copper, this metal 
is precipitated out and nickel goes into solution. 

(6) Nickel corrodes in milk more readily in the absence of oxygen. 

(7) Copper corrodes in milk more readily in the presence of oxygen. 

(8) High chromium nickel (18-8) iron alloys, ‘‘Hyblum,’’ chromium- 
plated copper and chromium plated nickel are very resistant to corrosion 
by milk and are satisfactory for dairy equipment on this account. 
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